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6«  It  la  recommended  that  the  following  Items  be  Implemented  to  Insure  a 
aatlaliaotory  cable  pressure  system  in  Wings  n  to  V; 

A.  A  program  for  the  continued  use  and  verification  of  the  cable  simu¬ 
lators  to  include: 

1  -  Verification  and  perfection  of  the  simulation  technique 

2  -  Use  of  the  simulators  as  a  tool  for  familiarization  of  maintenance 

personnel  with  the  pneumatic  behavior  of  the  cable  network. 

3  -  Study  use  of  the  simulators  as  a  fault  location  aid. 

4  -  Study  integration  of  the  simulators  into  the  cable  system  main¬ 

tenance  concepts. 

5  -  Simulate  Wings  2  to  5  on  the  "Universal  Simulator". 

B.  Collection*  reduction  and  analysis  of  existing  data  on  the  Wing  1  cable 
system  for  verification  of  the  simulation  techniques. 

C.  hitegrated  pressure  system  study  to  establish  all  pneumatic  parameters 
based  on  tbs  simulation  results  and  field  data. 

6.  A  comprehensive  review  of  the  current  maintenance  concepts  to  drasti¬ 
cally  reduce  the  scheduled  and  non-scheduled  maintenance  costs  for  the 
pressuiizatloQ  system. 
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Simulation  of  Cable  Preasurizatloii 
Wing  I «  Minuteman 


1.0  tatroductioii 

lliis  report  describes  a  study  of  the  pressurization  system  for  the  buried  cable 
aeterork  of  Wing  I,  Minuteman.  The  purposes  of  this  statfy  follow: 

.  a.  To  determine  expected  pressure  distribution  throughout  the  buried  cable  net- 
woric  of  Wing  I  using  various  pressurization  inputs  and  leakage  rates. 

b.  To  determine  airflow  from  the  compressors  used  for  pressurization  of  the 
buried  cable  network,  using  various  pressurization  Inputs  andleakage  rates. 

0.  To  form  conclusions  and  recommendations  based  on  the  Information  deter¬ 
mined  in  a  and  b  above. 

The  objectives  of  the  stucfy  were  to: 

a.  Determine  the  expected  pressure  distribution  in  the  cable  network.  This  would 
provide  a  standard  for  Judging  the  quality  of  the  actual  buried  cable  installa- 
tion.  A  variation  In  pressure  throughout  the  burled  cable  installation  is  ex¬ 
pected.  Some  means  is  necessary  for  determining  whether  this  pressure  dls- 
tributicm  is  normal  (i.e.  due  to  the  pneumatic  characteristics  of  the  cable  net¬ 
work)  or  if  there  is  a  fault  in  the  cable  installation. 

b.  Determine  the  number  and  location  of  compressors  needed  to  maintain  the 
cable  network  at  a  desirable  pressure  level. 

0.  Determine  the  capacity  (airflow)  requirements  of  the  compressors  used  to 
maintain  network  pressure. 

d.  Furnish  information  about  the  pressurized  cable  network  on  which  the  design 
adequacy  of  the  buried  cable  system  could  be  Judged. 

S.0  Pneumatio  Simulation 

The  stu^y  was  conducted  means  of  analog  simulation.  An  electrical  model  of 
the  Wing  I  buried  cable  network  was  built,  in  which  the  electrical  properties  were 
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analogous  to  the  pneumatlo  propertlea  of  the  buried  cable  network.  This  electrical 
model  wae  uaed  to  obtain  the  pneumatic  parameters  of  the  burled  cable  network. 

Analysis  of  the  problems  of  pressure  distribution  calculations  Indicated  diat  a 
purely  theoretical  approach  would  be  undesirable.  While  a  separate  pressurized 
cable  (not  part  of  a  networi^  can  be  handled  theoretically^  there  is  no  simple  method 
tot  analyzing  pneumatic  conditions  in  a  complex  network  of  interconnected  cables 
such  as  Is  used  in  Wing  I.  Theoretical  calculations  for  a  network  of  cables  are  ex¬ 
tremely  cumbersome  and  time-consuming.  Moreover*  these  calculations  are  useful 
only  for  one  specific  set  of  pneumatic  conditions;  for  each  different  set  of  conditions 
a  different  pressurization  configuration  and/or  leakage  rate)  an  entirely  new  cal- 
oulatioa  would  have  to  be  made.  New  calculations  would  also  have  to  be  made  if  there 
wars  any  change  in  the  configuration  of  the  buried  cable  network. 

ft  was  decided  to  conduct  the  study  by  simulation*  using  an  electrical  model  in  which 
tbs  pDSumatic  paiumeters  of  the  pressurized  cable  system  are  represented  by  analogous 
slsotrioal  parameters. 

3.0  Theory  of  Simulation 

The  reladmi  of  airflow  through  a  cable  to  pressure  drop  can  be  approximated  by 
an  Qlun*8-law  relationship:  (See  document  MTOR-C-052  Final  Report:  Burled  Cable 
Design  Verification  Program.  Page  in-47) 


Pneumatic  Resistance  » 


Pressure  Drop 
Air  Flow 


Altfaou^  this  relatimship  is  not  exact  (pneumatic  resistance  varies  with  in^t 
pressure)  the  variation  is  not  large  enough  in  the  pressure  range  under  consideration 
to  introduce  appreciable  error.  This  permits  an  electrical  analogy;  pressure  is  re¬ 
presented  voltage,  pneumatic  resistance  is  represented  by  electrical  resistance,  and 
airflow  is  represented  by  current. 

Air  leaks  from  the  cable  mainly  at  the  splice  cases  (see  MTOR-C-052  page  in-14)  • 
The  leakage  at  each  splice  case  can  be  represented  as  an  electrical  conductance  to 
ground.  A  run  of  cable  consisting  of  several  lengths  of  cable  spliced  together  (Fig¬ 
ure  ^  can  be  represented  by  the  electrical  analog  shown  in  Figure  2. 
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Figure  2*  Electrical  Analog  of  Pneumatic  Charactexiatics 
of  Pressurized  Cable  Shown  in  Figure  1. 

Id  the  electrical  model  shown  above,  resistors  RpA,  RpB,  acd  BpC  represent  the 
pneumatic  resistance  of  cable  lengths  A,  B,  and  C  respectively.  Resmtors  R]jl,  and 
Rjyl  are  electrical  conductances  representing  the  pneumatic  lealcage  at  splice  cases  1 
and  2  respectively.  Voltages  applied  at  Junctions  I  and  n  represent  the  pressure  ap¬ 
plied  at  Inputs  I  and  n  respectively.  A  measurement  of  voltage  or  current  at  any  point 
on  file  electrical  model  indicates  ^e  pressure  or  airflow  at  the  corresponding  point 
la  file  pneumatic  cable  run. 


The  resistors  in  Figure  2  can  be  lumped  together  to  form  a  simple  Tee  (see 

Figure 


Rp/g 

■■■,  ■■■ 


Rp/t 

^  A  A  -  .  , 


-e 


Ru 


Figure  3.  Lumped  Tee 
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h  the  lumped  Tee,  each  series  resistor  Rp/2  represents  one  half  of  the  total  pneu- 

matio  resistance  (R  »RA'(^RB'^RC)oftlie  cable.  The  shunt,  R,  represents 
P  P  y  P  P 

total  leakage  conductance  fConductanceRL  “  Conductance^^  Conductance^ 


or  1 
RL 


RLi 


1_ 

RL,; 
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Caleulatlona  ahow  that  the  Tee  In  Figure  3  haa  almost  the  aame  Impedance  aa  the  oir- 
eult  la  Figure  2,  with  only  a  negligible  error  (see  TMR  947.1,  page  4).  A  cable  net¬ 
work  almulator  can  be  buUt  In  which  each  cable  length  between  two  Junction  points  Is 
represented  by  a  simple  Tee  network;  the  Tees  being  connected  together  In  the  aame 
ooofiguratlon  as  the  cable  lengths  In  the  actual  burled  cable  network.  Figure  4  Is  one 
example  of  cable  network.  Figure  5  la  the  electrical  simulation  of  the  cable  network 
In  Flgvre  4.  The  series  and  shunt  resistors  of  each  Tee  In  Figure  5  have  values  which 
represent,  respectively,  the  pneumatic  resistance  and  leakage  conductance  of  the 
eorrespondlng  cable  In  Figure  4.  Compressor  Inputs  are  represented  by  voltage 
supplies  with  values  representing  the  pressure  furnished  by  each  compressor.  Pres- 
sura  at  any  Junction  In  the  cable  network  Is  found  by  measuring  the  voltage  at  the  cor¬ 
responding  point  In  the  simulator.  Airflow  Is  found  by  measuring  the  current  at  any 
poi;^  in  the  simulator. 

4.0  Pneumatic  Values  and  Electrical  Equivalents 

A.  Ihieumatlo  Beslstance,  Rp.  The  pneumatic  resistance  of  a  cable  Is  the  ratio 
cf  pressure  drop  to  air  flow.  ITie  dimensions  of  pneumatic  resistance  are: 

pounds  per  square  Inch  psl 
.  cubic  feet  per  hour  '  cfh 

Physical  measurements  of  pneumatic  resistance  for  various  cable  sizes  had  been 
made  previously.  The  Rp  values  of  Wing  I  cables  were  based  on  these  measurements 

(see  Appendix  ]).  R^,  In  ,  is  represented  in  simulation  on  the  basis  10  c^ms  =  1 

e  l8  represented  in  a  Tee  by  two  series  resistors,  each  of  which  has  the  value 

v»- 

B.  Leakage  Conductance.  The  leakage  conductance  of  a  cable  is  the  ratio  of  total 
cable  air  leakage  to  average  gauge  pressure  in  the  cable.  The  dimensions  of  leakage 
conductance  are: 


cubic  feet  per  hour  cfh 

pounds  per  square  inch  ’  psi 
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Figure  5.  Electrical  Model  for  Network  Shown  in  Figure  4 
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Cable  air  leakage  occurs  principally  at  the  splice  cases,  and  Is  considered  Inde¬ 
pendent  of  the  size  (cross-section)  of  the  cable.  Since  there  are  splloe  oases  at  reg¬ 
ular  Intervals  (2  to  3  per  mile) ,  leakage  conductance  can  be  treated  as  a  function  of 
cable  length  only.  The  value  of  leakage  depends  on  the  quality  of  the  splloe  case  Instal- 
latlans.  However,  as  explained  In  TMR-947.1  (page  4)  It  Is  reasonable  to  use  a  maxi¬ 
mum  leakage  rate  of  0  JS  cubic  feet  per  day  per  mile  (CFDM)  at  10  pslg  pressurization 
In  the  present  Installation.  It  Is  also  felt  that  a  leakage  rate  of  0.1  CFMO  with  10  pslg 
pressurizatloa  Is  a  reasonable  goal  for  future  Installations. 

For  die  computation  of  leakage  conductance  based  on  these  leakage  rates  see  Ap¬ 
pendix  I.  Leakage  conductance  Is  represented  In.  a  Tee  by  Rx^,  the  shunt  to  ground. 

Simulation  Is  on  the  basis  of  1  mho  >  10  ~  (10  ohms  «  1  ^ ) . 

Pressure  Is  represented.  In  simulation,  on  the  basis  of  1  volt  ■  1  psl,  with  elec¬ 
trical  ground  (zero  volts)  corresponding  to  atmospheric  pressure  (zero  pslg.)  Since 

1  volt »  1  psl,  and  10  ohms  ^  1  ^  ,  air  flow  Is  represented  on  the  basis  of  1  amp  = 
lOcfh.  ^ 

5e0  Simulator  Panels 

Eaoli  of  the  15  flights  compri8lng4IVing  I  was  simulated  on  a  separate  panelg  called 
a  flight  simulator  panel  (Figure  6  is  a  photograph  of  a  group  of  6  flight  simulator  panels.) 

The  flight  simulator  panels  were  designed  primarily  for  making  the  simulation 
stu4y.of  cable  pressurization. 

It  was  felt  that  when  the  study  Vas  concluded^  the  simulator  panels  would  still  be 
useful  as  field  maintenance  tools.  For  this  reascmg  the  simulator  panels  were  packaged 
for  portability*  The  simulator  electrical  network  was  laid  out  in  a  maplike  fashi<m  and 
suitably  labelled  on  the  front  of  the  simulator  panel  to  permit  easy  correlation  between 
sixhulator  display  and  a  flight  map  of  the  same  flight.  The  simulator  panels  were  de¬ 
signed  to  be  self-contained,  each  with  its  own  regulated  power  supply  and  meter.  Pro- 
yislon  for  simulation  of  cable  faults  (leaks  and  blockages)  was  made. 

On  the  flight  simulator  panel,  each  cable  length  is  implemented  by  a  "cable  group" 
(see  figure  7) .  The  resistive  tee  representing  the  cable  is  implemented  by  three  vari¬ 
able  resistors  in  the  cable  group.  These  are  adjusted  to  the  proper  value  with  an 
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7a.  Detail  View  of  Cable. Group  as  seen  on  Flight  Simulator  Panel. 


Figure  7.  Cable  Group 
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extenud  resistance  bridge.  Jacks  for  making  voltage,  current,  and  resistance  mea¬ 
surements  are  also  provided  (see  figure  7)  •  Ibiferring  to  the  designations  in  figure 
7,  tile  following  measurements  can  be  made: 

Measurement  How  Measured 


Resistance  of  R  /2  No.  1 
P 


Resistance  of  R  /2  No.  2 
P 


Resistance  of  R^. 


Current  entering  cable  at 
left. 

Current  entering  cable  at 
right. 


Plugs  Inserted  in  J1  and  J3. 

Measure  between  tip  of  J1  and 
tlpof  J3. 

Plugs  inserted  in  J2  and  J3. 

Measure  between  tip  of  J2  and 
tip  of  J3. 

Plug  Inserted  in  J3. 

Measure  between  sleeve  of  J3 
and  panel  ground. 

Plug  inserted  in  JI;  ammeter  between 
tip  and  sleeve  of  plug. 

Plug  inserted  in  J2;  ammeter  between 
tip  and  sleeve  of  plug. 


hi  addition  to  the  above  measurements,  the  jacks  permit  other  functions: 


JFunction 


How  Performed 


Increase  Rl  beyond  value  of  Rl  Hug  inserted  into  J4,  with  resistance 

Yariable  resistor.  of  desired  value  between  tip  and  sleeve 

of  plug. 


Simulate  small  leak  in  cable.  Plug  inserted  in  Jl  (leak  at  left  end  of 

cable)  or  J2  (leak  at  right  end  of  cable)  • 
Tip  and  sleeve  of  plug  are  common, 
connected  to  resistor  of  appropriate 
value.  Other  end  of  resistor  is  con¬ 
nected  to  ground. 
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Function 


How  Performed 


Simulate  large  leak  in  cable. 


Simulate  small  blockage  of 
airflow  in  cable. 


Plug  inserted  in  J1  or  J2  as  above. 

Tip  and  sleeve  of  plug  are  wired  to  each 
o&er  and  to  a  Jumper  to  ground. 

Plug  inserted  in  J1  (block  at  left  end  of 
cable)  or  J2  (block  at  right  end  of  cable)  • 
Resistor  between  Up  and  sleeve  of  plug. 


Sl^nulate  complete  blockage  Plug  inserted  in  J1  or  J2  as  above.  No 

of  ai^^ow  in  cable.  wiring  to  plug. 


At  each  cable  Junction  on  the  flight  simulator  panel,  there  is  a  momentary  push¬ 
button  which  connects  the  Junction  to  a  voltmeter  on  the  panel  to  measure  Junction 

pressure. 

The  flight  simulator  panel  contains  a  regulated  lOv  d-c  power  supply,  to  simulate 
the  10  psig  compressor  inputs.  The  supply  has  regulation  to  .08%.  A  lOv  d-c  bus 
carries  supply  to  each  LCF  and  LF  group,  where  it  can  be  applied  by  throwing  a 

switch. 


The  LCF  and  LF  groups  on  the  flight  simulator  panel  are  shown  in  figures  8, 9  and 
10.  Each  has  a  switch,  for  applying  regulated  lOv  d-c  from  the  regulated  power  sup¬ 
ply,  simulating  the  pressurization  from  a  10  psig  compressor.  A  lamp  next  to  the 
switch  indicates  whether  the  switch  is  on.  A  momentary  pushbutton  connects  the  LCF 
or  LF  to  a  voltmeter  to  measure  pressure  at  the  LCF  or  LF.  Each  LF  group  also 
contains  a  Jack,  for  the  possible  connection  of  an  external  power  supply  (simulating  a 
compressor  pressure  which  may  be  greater  or  less  than  10  psig). 

Each  flight  simulator  panel  has  a  voltmeter  located  on  the  panel.  By  use  of 
a  switch,  the  meter  can  be  used  to  measure  voltage  (analog  of  pressure)  at  any 
Junction,  or  current  (analog  of  air  flow)  through  any  cable.  In  one  position  of  the 
meter  function  switch,  the  meter  operates  as  part  of  a  resistance -measuring 
bridge  to  measure  resistive  values  in  the  cable  Tees. 

6.0  Intsrflight  Cables 

For  constructing  each  flight  simulator  panel,  an  interflight  cable  (a  cable  con- 
QSCtiiig  one  flight  to  anothei^  was  considered  to  belong  half  to  one  flight  and  half  to 
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Figure  8.  Detail  View  of  LCF  Group  as  seen  on  Flight  Simulator  Panel 


Figure  9«  Schematic  Diagram  of  LCF  Group 
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10a.  Detail  View  (rf  LF  Group  as  seen  on  Flight  Simulator  Panel 


Figure  10.  LF  Group 
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•Hotter.  This  half«*oable  was  represented  on  a  flight  panel  by  a  Tee  calculated  on  the 
basis  of  one  half  the  total  mileage  of  the  interflight  cable. 

This  method  of  representing  interflight  cables  allowed  simulation  to  be  performed 
In  two  different  ways: 

a.  Interconnected  Flights;  Interflight  connections  are  completed  by  Jumper 
cables  ruiinlng  from  one  flight  panel  to  another.  Each  Jumper  cable  Joins 
the  outer  ends  of  the  two  half-tees  representing  an  interflight  cable.  Thus 
each  Interflight  cable  is  represented  by  the  following  electrical  model: 


Figure  11.  Interflight  Cable  Electrical  Model 
whereas  an  ordlnazy  Intraflight  cable  is  represented  by  this  model: 


Rw/a 


Figure  12.  Ihtraflight  Cable  Electrical  Model  (Lumped  Tee) 

As  explained  prevlously»  the  difference  between  individual  Tee's  in  series 
and  a  lumped  Tee  of  equivalent  Rp  and  is  so  small  that  the  difference  can 
be  ignored.  Thus  the  interconnected-flight  simulation  accurately  represents 
the  caUe  network  of  Wing  I,  Minuteman. 

b.  Individual  Flight  Simulation:  In  this  second  method  of  simulationt  there  are 
BO  interconnections  between  flight  panels.  The  outer  end  of  each  half-tee 
representing  half  an  interflight  cable  is  not  connected,  but  is  allowed  to  float. 
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Hie  advantage  of  individual  simulation  is  that  it  permits  the  operation  of  one 
flii^t  simulator  panel  without  the  necessity  for  the  connectlon»  or  even  the 
presenost  of  other  flight  simulator  panels.  This  is  important;  the  flight  simu¬ 
lator  panels  were  built  widi  an  eye  toward  their  possible  usefulness  as  field 
analysis  and  maintenance  aids. 

The  disadvantage  of  individual  simulation  is  that  it  represents  the  interflight 
cables  by  an  approximation  which  does  not  take  into  account  the  pressure 
difference  on  the  two  ends  of  an  interflight  cable.  The  error  thus  caused  in 
pressure  distribution  readings  is  greatest  at  the  interconnection  junctions 
(l.e.,  the  Junctions  at  each  end  of  an  interflight  cable).  The  error  produced 
at  other  Junctioxis  is  very  slight.  The  amount  of  error  at  interconnection  Junc¬ 
tions  for  leakage  rate  of  0.5  CFDM  is  shown  in  Table  Appendix  HI.  For 
pressurization  at  the  LCFs  only,  the  error  in  some  Individual  cases  is  as  great 
as  0.6  psi»  but  the  average  error  is  only  0.3  psi.  For  pressurization  at  the 
LCFs  and  all  LFs»  the  error  in  one  case  is  0.6  psi;  however  the  average  error 
is  only  0.1  psi.  Thus  each  flight  simulator  panel  may  be  used  individually*  if 
it  is  remembered  that  readings  at  the  interconnection  junctions  are  only  ap¬ 
proximate. 

The  error  produced  by  individual  flight  simulation  at  interconnection  junctions  be- 
oomes  smaller  with  any  conditicm  that  raises  minimum  system  pressure  and  hence 
narrows  system  pressure  distribution,such  as  pressurization  at  LCFs  and  all  LFs, 
instead  of  at  LCFs  only*  or  a  leakage  rate  of  0.1  CFDM  instead  of  0.5  CFDM* 

Measurement  of  pressure  distribution  at  0.5  CFDM  were  made  with  interflight 
cables  connected  in  this  study.  Measurement  of  compressor  airflow*  and  measure¬ 
ment  of  pressure  distribution  at  0.1  CFDM*  were  made  by  individual  flight  simulation. 
To  determine  whether  the  error  caused  by  individual  flight  simulation  would  affect 
compressor  airflow  readings*  airflow  through  interflight  cables  was  measured  during 
the  simulation  with  all  flights  Interconnected.  The  greatest  airflow  through  an  inter- 
flight  cable  was  found  to  be  0*25  cfh*  with  the  average  value  much  lower  than  this. 

Since  the  capacity  of  an  LF  compressor  is  25  cfh*  and  since  (as  will  be  showi^  none 
of  the  compressors  is  operating  anywhere  near  full  load*  the  additional  airflow  re¬ 
quired  to  feed  the  interflight  cables  can  be  ignored. 
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7«0  Simulaiion  Data 

The  following  data  were  determined  in  this  study:  The  compressor  output,  where 
present,  is  lOpsig. 

7.1  Pressure  Distribution  -  With  a  given  leakage  rate  and  a  given  pressurization  con* 
figuration,  pressure  readings  at  each  jimction  and  LF  were  made.  The  readings  are 
presented  in  Figures  13*16.  The  readings  were  taken  under  these  conditions: 

a.  Leakage  rate  0.5  CFDM,  pressurization  at  LCFs  only 
(figures  13A  through  13*0). 

b.  Leakage  rate  0.5  CFDM,  pressurization  at  LCFs  and  all  LFs 
(figures  14A  through  14*0) . 

0.  Leakage  rate  0.1  CFDM,  pressurization  at  LCFs  only 
(figures  15A  through  15*C) . 

d.  Leakage  rate  0.1  CFDM,  pressurization  at  LCFs  and  all  LFs 
(figures  16A  through  16-0) . 

Each  of  the  figures  13A  through  16*0  is  a  nmp  of  one  of  the  flights  in  Wing  I 
burled  cable  network.  The  letter  suffix  indicates  the  flight.  For  example,  figure  13F 
is  a  map  of  flight  F. 

Figures  13  through  16  serve  as  a  standard  for  judging  the  quality  of  the  actual 
burled  cable  installation.  If  the  pressure  distribution  of  the  actual  cable  network, 
with  appropriate  pressurization,  is  roughly  the  same  as  indicated  in  figure  13  or  14, 
ttien  the  0.5  CFDM  leakage  rate  has  been  achieved.  If  the  pressure  distribution  in  the 
actual  cable  network  is  proportionally  lower  than  indicated  in  figure  13  or  14,  then  the 
qrstem  leakage  rate  is  higher  than  0.5  CFDM.  If  the  pressure  distribution  in  the  actual 
cable  network  conforms  generally  to  figures  13  and  14  but  with  one  or  two  points  whose 
pressure  is  markedly  different  than  the  pressure  indicated  in  figure  13  or  14,  a  local 
fault  can  be  suspected. 

7.2  Compressor  Airflow 

With  a  given  leakage  rate  and  a  given  pressurization  configuration,  the  airflow 
from  each  active  compressor  was  measured.  Measurements  were  made  for: 

a.  Leakage  rate  0.5  CFDM,  pressurization  at  LCFs  only. 

b.  Leakage  rate  0.5  CFDM,  pressurization  at  LCFs  and  all  LFs. 
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0.  Leakage  rate  .0.1  CFDM,  pressurization  at  LCFs  only. 

d.  Leakage  rate  0.1  CFOM*  pressurizatioa  at  LCFs  and  all  LFs. 

The  measurements  are  presented  in  Table  L  Each  compressor  is  identified  by 
die  same  of  the  facility  (LCF  or  LF)  in  which  it  is  located,  viz,  B*l,  D-7,  H-11,  etc. 

The  airflow  at  each  LCF  is  broken  down  into  four  readings  -  for  example,  Jl-A, 
Jl-B,  J1*C»  and  Jl-D.  There  is  only  one  compressor  at  the  LCF.  But  there  are  four 
cables  from  each  LCF  by  which  air  from  this  compressor  can  enter  the  cable  network. 
U  one  of  these  four  LCF  cables  carried  a  much  greater  airflow  than  the  others,  a  block 
or  leakage  in  this  one  cable  would  have  a  greater  impact  on  network  pressure  dlistri- 
butioii.  Thus  the  airflow  from  each  LCF  is  broken  down  to  show  the  airflow  through 
each  of  the  four  cables  from  the  LCF.  In  the  example  Just  given,  the  reading  for  Jl-A 
shows  the  airflow  from  J1  which  reaches  the  network  through  cable  "A'\  flight  J.  To 
identify  cable  flight  J,  use  the  map  shown  in  figure  13-J,  14-J,  15-J,  or  16-J.  The 
value  Jl -total  gives  ^e  total  airflow  from  the  compressor  in  J-1,  and  is  the  sum  of 
die  airflows  for  Jl-A,  Jl-B,  Jl-C,  and  Jl-D. 

7.3  Determination  of  Minimum  Pressurization  Needed  to  Maintain  a  Certain  Minimum 

Network  Pressure: 

A  study  was  made  of  the  minimum  pressurization  needed  to  maintain  various  mini¬ 
mum  network  pressures.  With  aU  flight  simulator  panels  interconnected,  and  all  LCFs 
pressurized,  various  LF*s  were  pressurized  to  achieve  a  certain  minimum  network 
pressure  with  0.5  CFDM  leakage  rate.  Two  rules  were  followed: 

a.  No  Junction  or  LF  in  the  network  could  have  a  pressure  less  than  the  mini¬ 
mum  network  pressure. 

b*  The  number  of  pressurized  LFs  should  be  the  minimum  niunber  necessary  to 
achieve  a.,  above. 

A  certain  amount  of  trial  and  error  was  necessary  to  achieve  the  best  solution 
(that  is,  minimum  number  of  pressurized  LF's) .  Determinations  were  made  for 
minimum  network  pressures  of  6  psig,  7  psig,  and  8  psig.  It  was  found  that  some 
flights  could  not  be  brought  up  to  an  8  psig  minimum  even  if  all  LFs  were  pressurized. 
Because  of  this,  the  following  procedure  was  used  for  the  8  psig  minimum  network 
pressure: 

a.  For  those  flights  which  could  not  be  brought  up  to  8  psig,  pressurize  all  LFs 
and  record  the  minimum  pressure  value  in  the  flight. 
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b*  For  those  flights  which  could  be  brought  up  to  8  psigi  pressurize  only  as  many 
LFs  as  needed  to  achieve  8  psig  in  these  flights. 

7.4  Effect  of  Interflight  Cables. 

It  le  possible  to  consider  the  pressurized  cable  network  of  Wing  Minutemaii  as 
consisting  of  16  separate  pressurized  networks  (the  flight  networks)  whose  pressure 
distributions  are  modified  by  airflow  from  one  flight  to  another  through  the  interflight 
cables*  Beoause  of  the  small  number  of  interflight  cables  (from  two  to  five  interflight 
oonneotions  per  flight)  it  was  felt  that  the  modifying  influence  exerted  by  the  interflight 
cables  might  be  relatively  small.  If  this  were  true,  then  each  flight  cable  network 
could  be  considered  as  a  separate  pneumatic  system,  with  a  small  allowance  made  for 
the  effects  of  an  interflight  cable  at  its  point  of  connection  to  the  flight  cable  network. 

The  comparison  of  Interconnected  flight  simulation  with  individual- flight  simulation 
(see  6.0  ''Interflight  Cables",  above)  provided  some  Indication  that  Interflight  cables 
did  not  have  a  strong  effect  on  flight  pressure  distributions.  Individual  flight  simula¬ 
tion  eliminates  the  oonneotions  between  flights,  but  retains  the  simulation  of  the  inter¬ 
flight  cables  as  sources  of  air  leakage  from  the  flight  networks.  To  fully  determine  the 
effect  of  the  interflight  cables,  it  was  desired  to  simulate  a  Wing  I  network  in  which  the 
interflight  cables  were  completely  removed  as  pneumatic  paths.  The  pressure  distri¬ 
bution  of  this  simulation  was  then  compared  with  the  pressure  distribution  of  a  normal 
Wing  I  simulation  (interconnected-flight  simulation)  to  determine  the  effect  of  the  inter¬ 
flight  cables. 

To  simulate  the  Wing  I  network  with  interflight  cables  removed  as  pneumatic  paths, 
each  half -tee  representing  half  of  an  Interflight  cable  was  electrically  disconnected  from 
each  of  the  flight  simulator  panels.  Comparison  with  the  interconnected-flight  simula¬ 
tion  showed  that  the  effect  of  the  interflight  cables  was  most  noticeable  at  the  intercon¬ 
nection  Junctions  (junctions  where  an  Interflight  cable  connects  with  a  flight  networi^, 
and  only  slightly  noticeable  at  other  junctions.  Recorded  measurements  were  there¬ 
fore  confined  to  the  interconnection  junctions. 

The  results  are  shown  in  Table  III.  For  each  interconnection  junction,  this  table 
shows  the  pressure  with  all  Interflight  cables  removed  and  with  all  interflight  cables 
ocMineoted.  The  difference  between  the  two  readings  shows  the  effect  of  interflight 
cabling  on  the  pneumatic  network. 

Reading  were  taken  with  LCFs  only  pressurized,  and  with  LCFs  and  all  LFs  pres¬ 
surized.  Readings  were  made  only  at  the  leakage  rate  of  0.5  CFDM,  at  which  leakage 
rate  network  pressure  differences  are  greater  and  the  effect  of  interflight  cables  more 
pronounced. 
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8.0  Analysis  of  Data: 

8»1  Pressure  Distribution: 

To  evaluate  the  suitability  of  the  pressure  distribution  values  determined  by  this 
report^  the  following  criteria  are  used: 

a.  A  pressure  of  4  psig  is  required  to  prevent  the  entry  of  water  into  the  burled 
cable  network  (assumes  a  possible  8  foot  he^  of  water)  • 

b.  The  warning  pressure  level  (pressure  contactor  setting)  should  be  at  least 

2  psi  above  the  water-entry  pressurei  to  allow  time  after  receipt  of  a  warning 
in  which  to  perform  maintenance.  Thus  the  warning  pressure,  or  pressure 
contactor  setting,  is  6  psig. 

0.  The  minimum  network  pressure  should  be  at  least  1,5  psi  and  preferably  2.0 
psi  above  the  contactor  setting,  to  avoid  alarms  caused  by  temperature  and 
atmospheric  fluctuations  and  tolerance  variation  of  the  pressure  contactors. 
Thus  the  minimum  network  pressure  should  be  at  least  7.5  psig,  with  a  mini¬ 
mum  of  8.0  psig  preferred. 

A  maximum  leakage  rate  of  0,5  CFDM,  as  previously  described,  is  considered  a 
reasonable  expectancy  for  a  modem  pressurized  cable  installation.  With  such  a  leakage 
rate,  and  pressurization  at  the  LCF*s  only,  figures  13A  through  13-0  show  that  a  large 
portion  of  Wing  I  will  be  below  the  6  psig  warning  pressure,  with  some  points  as  low 
as  2  psig.  This  is  clearly  undesirable. 

Table  n  shows  that  in  order  to  maintain  Wing  I  merely  at  the  6  psig  warning  pres¬ 
sure  level  with  0.5  CFDM  leakage  rate,  it  would  be  necessary  to  pressurize  an  average 
of  four  LFs  in  each  flight. 

Table  n  and  figure  11  show  that  it  is  impossible  to  attain  the  desired  8  psig  mini¬ 
mum  network  pressure  with  0.5  CFDM  leakage  rate,  even  if  all  LF*s  are  pressurized. 
However,  as  seen  in  Table  U,  a  7.4  psigminimumnetworkpressurecanbe  attained  with 
0.6  CFDM  leakage  rate  by  pressurizing  an  average  of  8  LF^s  in  each  flight.  This  is 
Just  barely  acceptable.  In  order  to  avoid  confusion  as  to  which  LF  is  pressurized  and 
which  is  not,  and  to  supply  a  certain  safety  factor  to  the  system,  it  is  recommended 
that  all  LFs  In  Wing  I  be  pressurized  for  an  0.5  CFDM  leakage  rate.  This  would  re¬ 
sult  in  a  minimum  network  pressure  of  7.4  psig  (pressure  distribution  shown  in  fig¬ 
ures  14-A  through  14-0) . 


MTOR-C-ITO 
28  March  1963 
Page  19 

It  is  also  recommended  that  strenuous  efforts  be  undertaken  to  reduce  the  leakage 
rate  belov  0.5  CFDM.  Reduction  of  leakage  rate  would  cause  a  noticeable  improve^ 
aaent  in  minimum  network  pressure.  For  example,  with  0.5  CFDM  leakage  rate  and 
pressurization  at  LCFs  only,  the  minimum  network  pressure  Is  2,0  psig;  with  0.1  CFDM 
leakage  rate  and  pressurization  at  LCFs  only,  the  minimum  network  pressure  is  6.4 
pelg.  With  OJS  CFDM  leakage  rate  and  pressurization  at  all  LCFs  and  LFs,  minimum 
network  pressure  is  7.4  psig.  With  0.1  CFDM  leakage  rate  and  pressurization  at  all 
LCFs  and  LFs,  minimum  network  pressure  is  9.4  psig. 

Compressor  Capacity 

The  LCF  compressors  have  a  capacity  of  208  cfh;  those  at  the  LFs  have  a  capacity 
ct  25  cfh.  As  shown  in  Table  I,  the  actual  airflow  from  these  compressors,  with  0.5 
CFDM  leakage  rate,  is  far  below  the  capacity  of  the  compressors  (order  of  magnitude, 
capacity  to  actual  output  is  about  100:1). 

Thus  the  compressors  are  more  than  adequate  for  their  job. 

8.3  Effect  of  Interflight  Cables 

Table  m  shows  that  the  maximum  difference  in  pressure  due  to  the  presence  of 
Interflight  cables  is  2.9  psi.  This  is  with  LCFs  only  pressurized  and  a  leakage  rate 
of  0.5  CFDM. 

This  amount  is  sufficiently  large  that  the  effect  of  interflight  cables  must  definitely 
be  considered  in  cable  network  analysis.  Note,  however,  that  with  LCFs  only  pres¬ 
surized  and  0.5  CFDM  leakage  the  average  difference  in  pressure  at  interconnec¬ 
tion  Junctions  is  only  0.7  psi.  As  previously  stated,  the  difference  in  pressure 
at  Junctions  other  than  interconnection  Junctions  is  so  slight  as  not  to  be  worth 
recording.  ,  This  suggests  that  the  effect  of  interflight  cables  need  only  be  con¬ 
sidered  at  those  Junctions  where  Table  in  shows  such  effect  to  be  considerable. 

Recall,  also,  that  it  is  recommended  that  if  an  0.5  CFDM  leakage  rate  is  achieved, 
dien  the  Wing  I  network  should  be  operated  with  all  LCFs  and  LFs  pressurized.  Under 
such  conditions,  Table  m  shows  that  the  maximum  difference  in  pressure  due  to  the 
presence  of  interflight  cables  is  0.7  psi,  and  the  average  difference  at  interconnection 
Junctions  is  0.3  psi.  Thus,  with  0.5  CFDM  leakage,  and  all  LCFs  and  LFs  pressurized, 
die  interflight  cables  have  only  a  slight  effect  on  the  pressure  distribution  of  the  Wing  I 
cable  network. 
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9.0  Usefulness  of  Flight  Simulation  Panel 

In  the  course  of  this  study  a  tr6mc..Tdous  amount  of  exporlenoe  was  acquired  in  the 
operation  of  the  flight  simulation  ^  anels*  The  flight  simulation  pausls  were  found  to 
have  three  areas  of  usefulness: 

a.  They  made  possible  the  stuay  described  in  thl  report,  fi  roisliing  a  prediction 
of  the  Mlnuteman  buried  cable  netwo^l:. 

b«  They  are  adaptable  to  changes  'n  tht  cable  network  aid  to  changer>  in  the  assump- 
ticms  made  about  the  pneumatic  propert^^s  of  the  cable,  and  thus  can  serve  to 
keep  the  simulation  study  up-to-date  in  f  he  face  of  changing  information. 

0.  They  show  great  potential  as  fauU-loc?t^on  tools,  a  potential  ;^lch  should  be 
verified  by  actual  field  investigation. 

As  for  their  usefulness  in  the  present  stt*  *y.  it  became  qIgzt  in  early  investigations 
of  network  pneumatic  conditions  that  ther  was  no  intuitive  way  of  estimating  network 
pressure  and  airflow.  This  was  confirmed  when  pressure  distributions  were  (k3termined 
which  could  not  have  been  predicted  by  any  process  of  logical  mental  analysis*  Also,  as 
e3q;>lalned.  there  was  no  feasible  method  of  theorem  u'll  calculation  which  could  be  used 
to  determine  network  pressure  and  airflow. 

This  very  useMness  suggests  that  employment. of  the  flight  simulator  panels 
should  not  terminate  with  the  present  study.  Tne  pr.  Hctions  of  network  pressure  and 
eixflow  presented  in  this  report  are  necessarll/  applicable  to  a  narrow  set  of  conditions. 

If  these  conditions  were  to  change,  the  flight  simulator  panels  could  be  adjusted  and 
new  predictions  of  network  pressure  and  airflow  made  quickly  and  easily  by  simulation. 
Possible  changes  in  conditions  are: 

a.  Field  experience  indicating  a  change  in  the  assumed  leakage  rate. 

b.  Field  experience  indicating  a  change  in  specific  pneumatic  resistance  for 
some  or  all  of  the  cable  sizes  under  consideration. 

0*  A  discovery  that  a  value  of  cable  mileage  reported  for  use  in  this  study  is 
incorrect. 

d.  A  decision  to  alter  the  geographical  path  of  a  cable  with  a  consequent  change 
in  cable  length. 
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••  A  deeiaioa  U>  alter  network  oonflguratlon  adding  or  deleting  a  cable  in  the 
network* 

Each  of  dieee  e'mnges  could  be  represented  by  appropriate  modification  of  the 
flight  simulator  pantils*  A  change  in  leakage  ratet  pneumatic  resistance,  or  cable 
length  would  be  met  by  adjustment  of  the  variable  resistors  comprising  the  resistive 
Tees  in  simulator  network  *  the  amount  of  adjustment  would  be  calculated  on  the  basis 
described  in  Appendix  I  of  this  report.  The  deletion  of  a  cable  from  a  flight  network 
would  be  represented  by  disconnecting  the  appropriate  resistive  Tee  from  the  simulator 
network  a  disconnection  which  can  be  accomplished  by  the  insertion  of  two  plugs  into 

appropriate  jacks  on  the  simulator  panel.  Addition  of  a  cable  can  be  accomplished 
1^  adding  a  resistive  Teeconsisting  of  three  variable  resistors  of  the  proper  value. 

These  resistors  would  probably  be  mounted  on  a  separate  miniature  chassis,  and  con* 
nected  to  the  simulator  network  by  patch  cords  plugging  into  existing  jacks  on  the  sim* 
olator  panel. 

With  such  simple  alterations,  the  flight  simulator  panels  would  continue  to  furnish 
predictions  of  cable  network  pneumatic  properties  under  a  wide  variety  of  changed  con¬ 
ditions. 

The  flight  simulator  panels  also  show  excellent  promise  for  use  In  fault  location. 

The  use  of  the  simulators  as  fault-location  tools  is  based  on  the  following  circumstances. 

a*  A  fault  in  the  cable  network  serious  enough  to  have  a  noticeable  effect  on  the 
cable  network' causes  a  change  in  network  pressure  distribution.  • 

b.  A  reported  change  in  network  pressure  distribution  is  considered  an  indica- 
tioD  of  fault. 

e.  It  is  believed,  on  the  basis  of  Investigation,  that  the  altered  pressure  distribu- 
tion  caused  by  a  fault  is  unique  for  that  fault;  that  the  same  pressure  distri- 
bution  would  not  be  caused  by  any  other  fault. 

d.  Faults  can  be  simulated  on  a  flight  simulator  panel. 

To  use  a  flight  simulator  panel  as  a  fault  location  tool  the  'Tault  simulation  method*' 
would  be  employed.  A  report  of  actual  flight  network  pressure  distribution  would  be 
received,  and  noted  to  be  in  disagreement  with  the  predicted  pressure  distribution. 

Then  various  faults  would  be  simulated  on  a  trial  and  error  basis  to  find  a  simulated 
fault  which  would  cause  a  simulator  pressure  distribution  approximately  equal  to  the 
actual  pressure  distribution*  The  simulated  fault  would  indicate  the  actual  fault. 
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Since  It  was  not  possible  to  Investigate  the  merit  of  the  fault  simulation  method  by 
inserting  actual  faults  in  an  actual  cable  network,  it  was  decided  to  use  the  following 
method*  First,  a  simulated  fault  would  be  inserted  into  a  flight  simulation  panel,  and 
the  altered  pressure  distribution  recorded*  Then  the  fault  would  be  removed.  An  op- 
erator»  unaware  of  the  nature  and  location  of  the  fault,  would  be  given  the  altered  pres- 
v^jure  distribution  and  would  try  to  locate  the  fault  by  using  the  fault  simulation  method 
Oa.  '‘he  same  flight  simulation  panel.  It  was  found  that  the  nature  and  location  of  the 
origi  nal  fault  could  be  determined  rapidly  (one  or  two  minutes)  and  unambiguously  by 
a  trial-;' nd-error  attempt  to  find  a  simulated  fault  that  would  produce  the  altered 
pressure  distribution. 

Such  investigation  is  open  to  criticism,  as  the  flight  simulator  panel  is  used  as  Its 
own  validation:  first  it  is  pretended  that  the  flight  simulator  panel  is  the  actual  cable 
network,  with  a  fault  included;  then  it  is  pretended  that  the  simulator  is  not  the  actual 
cable  network,  but  an  analysis  device  that  will  function  as  a  fault-locating  tool.  How¬ 
ever,  in  the  absence  of  an  actual  cable  network  available  for  experimentation,  this 
method  is  the  only  one  possible,  and  offers  assurance  of  the  following: 

a.  That  a  pressure  distribution  caused  by  a  simulated  fault  can  be  duplicated 
quickly  and  easily,  knowing  only  the  pressure  distribution  but  not  the  fault. 

b*  That  a  pressure  distribution  caused  by  a  given  simulated  fault  is  unique,  in 
that  no  other  simulated  fault  could  cause  exactly  the  same  pressure  distri¬ 
bution. 

Thus  the  investigation  suggests,  if  it  does  not  confirm,  the  usefulness  of  the  flight 
simulator  panels  for  fault  location.  It  is  recommended  that  actual  field  trials  be  con¬ 
ducted  to  investigate  this  promising  possibility  of  predicting  fault  location. 
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TABLE  I.  COMPRESSOR  AraFLOW 
Airflow  in  oubio  feet  per  hour 
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TABLE  I.  <ConUnued) 
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TABLE  I.  (Continued) 
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table  n 

PRE38URIZATION  NEEDED  TO  MAINTAIN  VARIOUS  PRESSURE  LEVELS 


lb.  To  maintain  a  presaure  level  of  6  palg,  10  peig  pressurization  input  at  the 
followtng  LCF's  and  LF'a  is  required. 


Al. 

AS. 

AS, 

A7, 

AS. 

A9, 

All 

11. 

14. 

19 

Bl. 

B4, 

B-10 

ji. 

J3. 

J6. 

J6, 

J7 

Cl. 

C3, 

C6, 

C7. 

C9 

Kl. 

K4, 

K7. 

Kll 

Dl. 

DS. 

D6. 

D7 

LI. 

L5 

El, 

E4, 

E5. 

E7. 

E8 

Ell 

Ml, 

M2. 

MS 

FI. 

F7, 

FIO, 

Fll 

Nl. 

N4. 

NS, 

N7. 

Nil 

01. 

G3. 

07, 

G8 

0-1. 

0-2. 

0-3, 

0-11 

HI. 

H4, 

H5. 

H6» 

H7. 

H8, 

H9g  HIO 

nb.  To  maintain  a  pressure  level  of  7  pslg,  10  psig  pressurization  input  at  the 
folloivlng  LCF's  and  LF's  is  required. 


Al. 

AS, 

A6. 

A7, 

A8, 

A9, 

AlO, 

All 

Bl. 

B3, 

B4. 

BIO 

Cl. 

C3. 

C5, 

C6, 

C7, 

C8, 

C9 

Dl. 

DS. 

D5. 

D6. 

D7, 

D8 

El. 

E2, 

E3. 

E4. 

E5, 

£6, 

E7, 

£8, 

£9,  £11 

FI, 

F2, 

F7, 

F8, 

F9, 

FIO, 

Fll 

01. 

03. 

06. 

G7. 

G8» 

Gll 

HI, 

H2. 

H4. 

HS. 

H6, 

H7, 

HS, 

H9. 

HIO 

n. 

13. 

14, 

19. 

Ill 

Jl. 

J3. 

J5. 

J6, 

J7 

Kl. 

K4. 

K7. 

KS. 

Kll 

LI. 

LS. 

L6 

Ml. 

M2, 

M3. 

MS. 

M9, 

MIO 

NL 

N4. 

N5, 

N7. 

N8, 

Nil 

Ol. 

02, 

03. 

04. 

07, 

Oil 
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TABLE  n.  (Coatinued) 

Ife.  To  maintain  a  pressure  level  of  8  pslg,  10  pslg  pressurization  Input  at  the 
following  LCF's  and  LF's  la  required.* 


AL 

A2, 

A3. 

A4, 

AS. 

A6, 

A7. 

A8. 

A9, 

AlO.  All 

(7.4  pslg) 

Bl. 

BS, 

B4. 

B6, 

B9. 

BIO, 

Bll 

Cl. 

C2. 

cs. 

C4. 

C6, 

C6. 

C7, 

C8, 

C9 

DL 

D3, 

D5. 

D6. 

D7. 

D8. 

D9, 

Dll 

Bl. 

E2, 

E3, 

E4, 

£5, 

E6. 

E7, 

E8, 

E9, 

£10,  Ell 

(7.7  pelg) 

FI. 

F2. 

F8, 

F4, 

F7. 

F8. 

F9, 

FIO, 

Fll 

Ol. 

08, 

05. 

06, 

07. 

08, 

GIO, 

on 

HI, 

H2, 

H3, 

H4. 

H5. 

H6, 

H7. 

H8. 

H9. 

HIO,  Hll 

(7.7  pslg) 

11. 

12, 

13. 

14. 

IS. 

16, 

19, 

Ill 

FI. 

J2. 

J3. 

J4, 

J5, 

J6. 

J7, 

J8, 

J9. 

JIO,  Jll 

Kl. 

K3. 

K4. 

K5. 

K6. 

K8, 

K9. 

Kll 

LI. 

L5, 

L6. 

L8, 

Lll 

Ml. 

M2, 

MS, 

M5. 

M7. 

M8. 

M9. 

MIO 

Nl. 

N2, 

NS. 

N4. 

N5. 

N6, 

N7. 

N8, 

NIO, 

Nil 

0*1, 

0-2, 

o-s. 

0-4. 

0-6. 

0-7, 

0-9, 

0-11 

*Note:  Even  with  all  LF's  pressurized,  some  flights  cannot  be  raised  to  an  8  pslg 
pressure  level.  For  such  flights,  the  attainable  pressure  level  Is  shown  in  parenthesis 
In  the  table  above. 
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TABLE  m 

EFFECT  OF  INTERFIiOHT  CABLES 


Pressure  at  Interconnection  Junctions,  with  interfUght  cables 
oonnseted  and  disconnected.  Pressure  in  psig.  All  readings 
at  0.8  CFDM  leakage  rate. 


Ibteroon- 

neotion 

Junoticm 

LCF's  Only  Pressurized 

LCF's  and  all  LF's  Pressurized 

Interflight 

Cables 

Removed 

Interflight 

Cables 

Connected 

Pressure 

Difference 

Connected 

vs. 

Removed 

Interflight 

Cables 

Removed 

Interflight 

Cables 

Connected 

Pressure 

Difference 

Connected 

vs. 

Removed 

8.0 

6.S 

1.5 

9.2 

8.6 

0.6 

9.0 

8.6 

9.4 

9.3 

0.1 

6.8 

6.6 

8.3 

7.6 

0.7 

5.2 

5.6 

9.2 

8.6 

0.2 

B18 

9.2 

8.7 

9.9 

9.7 

0.2 

B30 

7.1 

7.2 

9.1 

819 

0.2 

^B38 

4.4 

4.5 

9.4 

9.0 

0.4 

C32 

8.9 

8.5 

9.6 

9.4 

0.2 

C56 

4.8 

4.2 

0.6 

9.3 

8.7 

0.6 

C93 

7.2 

* 

8.8 

.* 

D41 

5.5 

4.6 

0.9 

8.9 

8.8 

0.1 

D69  • 

5.3 

0.9 

9.0 

8.6 

0.4 

D66 

4.3 

0.2 

9.5 

9.1 

0.4 

D59 

2.7 

0.5 

8.6 

8.1 

0.5 

£68 

2.4 

2.3 

8.6 

8.7 

0.1 

£71 

4.9 

2.9 

9.0 

8.7 

! 

0.3 

F12 

7.2 

6.5 

0.7 

9.0 

8.7 

F18 

7.0 

6.4 

0.6 

8.9 

8.8 

021 

6.3 

6.3 

0 

9.2 

8.9 

048 

4.4 

4.3 

0.1 

9.7 

9.5 

■ 

MTOR- 0-170 
SO  March  1963 
Pag*  29 


TABLE  m.  (Continued) 


Intercon¬ 

nection 

JuBotlcn 

LCF'e  Only  Preeeurlzed 

liCF'e  and  all  LF's  Preesorlzed 

Interfllght 

Cablea 

Removed 

Ihterflight 

Cables 

Connected 

Pressure 

DUferenoe 

Connected 

vs. 

Removed 

Interfllght 

Cables 

Removed 

Interfll^t 

Cables 

Connected 

Pressure 

Oifferenoe 

Connected 

vs. 

Removed 

HU 

BJS 

mSM 

BQmii 

9.1 

8.7 

0.4 

BS9 

9.1 

8.9 

0.2 

sa 

S.0 

0.6 

9.0 

9.2 

04 

no 

5.6 

04 

94 

8.6 

0.7 

»i 

\  v. 

e 

8.9 

e 

142 

BH 

6.7 

13m 

8.9 

8.8 

0.1 

J69 

6.2 

8.7 

8.6 

0.1 

KU 

ra 

ra 

9.1 

9.0 

0.1 

KU 

5.4 

m 

0.9 

8.9 

8.8 

0.1 

U4 

7.7 

7.2 

0.5 

9.2 

9.0 

04 

U9 

4.0 

0.3 

94 

8.9 

0.4 

UO 

5.0 

b 

9.2 

8.9 

04  . 

8.1 

0.6 

9.4 

9.1 

04 

6.2 

1.0 

9.1 

8.8 

0.3 

0,1 

i 

9.0 

0.1 

M46 

74 

0.4 

94 

9.0 

04 

M66 

5.1 

.  1.0 

9.2 

9.0 

04 

BIM 

6.4 

• 

94 

* 

K49 

3.7 

3.9 

0.2 

9,5 

94 

04 

N78 

6.5 

6.1 

0.4 

8,7 

8.7 

0 

067 

5.0 

4.9 

0.1 

9.0 

04 

062 

6.1 

6.1 

8.7 

0.3 

*  Readings  not  taken 
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Figure  13A  -  Flight  A 


Flgoze  ISB  -  Flight  B 


O  Jtanetlon  Number 

O  LF  Number  lieakage  Rate  0.5  CFlMil 

O  LCF  Number  PressurlMtion  Source  LCF  ONLY 

Figure  13  -  Pressure  Dlstrlbutioa  ^reseure  in  pslg) 
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Figure  13E  -  Flight  E 


JlmotioB  Number 

LF  Number  Leakage  Rate  0.8  CFDM 

LCF  Number  PreaaurUatlon  Souree  LCF  PWLY 

Figure  13  •  Preaeuxe  Dletrlbution  (pressure  ia  pslg) 
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Plfur*  13 1  •  Fll^t  I 


figure  13J  *  Flight  J 


□  gonotloa  Number 

O  LF  Number  Leakage  Rate  0.S  CFDM 

O  LCF  Number  Preaaurlzatlon  Source  LCF  ONLY 

Figure  13  -  Preasure  Distribution  (pressure  in  psig) 
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Flcnra  13M  >  Flight  M 


Figure  13N  -  Flight  N 


O  JUaettoa  Number 

O  LF-Number  Leakage  Rate  0.S  CFPM 

O  LCF  Number  PreeaurUatloa  Source  ICF  ONLY 


Figure  13  •  Pressure  Distribution  (pressure  In  psig) 
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Flfora  130  >  lll^t  O 


a« 


Figure  13  -  Preeeuze  Distribution  (pressure  In  pslg) 


D  Junction  Number 
O.  U*  Number 
O  LCF  Number 


Lsakage  Rate  0.6  CFDM 

PresBurlsstion  Source  LCF  ONLY 


MTOII-C>1TO 

MMuehlMS 

Pifi  M 


Flgun  14A  -  Fli^t  A 


Q  Jttnetloo  Number 


8 


IF  Number 
LCF  Number 


Leakage  Rale 
PreaaurlaatloB  toeroe 


rtgura  14  -  Preaeure  Distrlbutloa  (preaaure  ia  pelg) 
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Heart  14E  •  flight  E 


Q  Jonctloa  Number 
O  LF  Number 
O  LCF  Number 


LmdcageRate  0.S  CFDM 

PretturiaaUon  Source  LCF  AND  ALL  LF*S 


Figure  14  -  Preasure  Distributton  Opreasure  in  ptig) 


rigur*  140  -  Flight  O 
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Figure  14H  -  night  H 


Q  JttnotloB  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate 

Preeeurlsatloa  Source 


Figure  14  -  Preaeure  Distribution  (pressure  in  pslg) 
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Figure  141  -  Flight  I 


Figure  14J  -  Flight  J 


Q  Junction  Number 

O  LF  Number  Leakage  Rate  OtS  CFDM 

O  LCF  Number  Preeaurization  Source  LCF  AND  ALL  LF*  S 


Figure  14  -  Pressure  Distribution  (pressure  in  psig) 
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Figure  14K  -  Flight  K 


Figure  14L  -  Flight  L 


Itf.O  10.0  lo.o  to.o 


Q  Junction  Number 

O  LF  Number  Leakage  Rate  0,5  CFDM 

O  LCF  Number  Pressurization  Source  LCF  AND  ALL  LF*  S 


Figure  14  -  Pressure  Distribution  (pressure  In  psig) 


MTOR-C-170 
28  March  1963 
Pago  44 

Figure  14M  -  Flight  M 


Figure  14N  -  Flight  N 
10.0 


riiffM  o 


to.o 


Q  Junction  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate  0,5  CFDM 

Pressurization  Source  LCF  AND  ALL  LF*  S 


Figure  14  -  Pressure  Distribution  (pressure  in  pslg) 
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Figure  140  -  Flight  O 


Q  Junction  Number 

O  IF  Number  Leakage  Rate  0,5  CFDM 

Q  liCF  Number  Pressurization  Source  LCF  AND  ALL  LF*  S 

♦ 


Figure  14  -  Pressure  Distribution  (pressure  in  psig) 
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Figure  ISA  -  Flight  A 


Anotioo  Number 

LF  Number  Leakage  Rate  0.5  CFDM 

i£lf  Number  Preaeurlzatlon  Source  LCF  ONLY 

Figure- IS  -  Pressure  Distribution  (pressure  in  psig) 


•I* 


MTOR-C-170 
88  Mar.t!h  1963 

Pftge  48 

Figure  15E  >  Flight  E 


Figure  15F  -  Flight  F 


O  Junction  Number 

O  LF  Number  Leakage  R<;te  O.S  CFDM 

O  LCF  Number  Pressurization  Source  ^CF  ONLY 


Figure  IS  -  Pressure  Distribution  (pressure  in  psig) 
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Figure  15G  -  Flight  G 


O  Junction  Number 

O  LF  Number  Leakage  Rate  0.5  CFDM 

O  LCF  Number  Preaeurlaation  Source  LCF  ONLY 

Figure  15  -  Pressure  Distribution  (pressure  in  psig) 
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Figure  15J  -  Flight  J 


O  junction  Number 

O  LF  Number  Leakage  Rate  0.8  CFDM 

O  LCF  Number  Preaaurlzatlon  Source  LCF  ONLY 


Figure  16  -  Preaaure  Dlatrlbutlon  (pressure  In  pslg) 
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Plgun  16K  -  night  K 


ngure  15L  >  night  L 


□ 

O 

o 


Junction  Number 

LF  Number  Leakage  Rate  0.6  CFDM 

LCF  Number  Preesurizatlon  Source  LCF  ONLY 


Figure  IS  -  Preasure  Distribution  (pressure  In  psig) 


ooo 


MTOR-C-ITO 
SS  ICaroh  1963 
Piif*  62 

ngure  15M  -  FUght  M 


JteaUoB  Number 

Ur  NuinlMr  Leakage  Rate  0.5  CFDM 

LCF  Number  Presaurlzatlon  Souroe  LCF  ONLY 

Figure  16  -  Preasure  In  Distribution  (pressure  in  psig) 
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figure  150  -  night  O 


ai 


figure  15  -  Pressure  Distribution  (pressure  in  psig) 


O  Ametlon  Number 
O  If  Number 
O  LCF  Number 


leakage  Rate  0,5  CFDM 

Pressurlaatlon  Source  LCF  ONLY 
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Figure  16A  -  Flight  A 


# 


Q  Junction  Number 

O  LF  Number  Leakage  Rate  0.5  CFDM 

O  LCF  Number  Pressurization  Source  LCF  AND  ALL  LF*  S 


Figure  16  -  Pressure  Distribution  (pressure  in  psig) 
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risHM  16C  -  nifiit  c 


O  Ametion  Numb«r 
O  LF  Number 
O  liCF  Number 


Leakage  Rate 

Prasaurlaatlon  Source 


Figure  16  -  Preaaure  Diatributioii  (preaeute  in  paig) 
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ngura  lee  •  Flight  E 


Q  Junction  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate  0.5  CFDM 

Preeaurlzation  Source  LCF  AND  ALL  LF' S 


Figure  16  -  Preasure  Distribution  (pressure  In  pslg) 
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fifara  160  -  Flight  O 


Q  Junction  Number 

O  LF  Number  Leakage  Rate  0.5  CFDM 

O  LCF  Number  Preeaurlaatlon  Source  LCF  AND  ALL  LF'S 


Figure  16  -  Pressure  Distribution  (pressure  in  psig) 
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ncart  161  >  night  I 


ngure  16J  -  night  J 


Q  Junction  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate  0.8  CFlNtl 

Preeaurlzatlon  Source  LCF  AND  ALL  LF'8 


Figure  16  -  Preaaure  Distribution  (pressure  In  psig) 
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ngurt  lex  -p  night  k 


Cl  JhnoUoa  Number 
O  Lf  Number 
O  LCF  Number 


Leakage  Rate 
Praeeurlaatloa  Source 


0.B  CFDM 


Figure  18  -  Preaaure  DlstribuUon  (preasure  la  palg) 
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Plgura  ISM  -  Flight  M 


Q  Junction  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate 
Preaaurixation  Source 


Figure  16  -  Preaaure  Olatrlbutlon  (preaaure  in  pslg) 
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Flftire  160  -  Flight  O 


at 


Figure  16  -  Pressure  Distribution  (pressure  in  psig) 


Q  Junction  Number 
O  LF  Number 
O  LCF  Number 


Leakage  Rate  0.5  CFDM 

Pressurization  Source  LCF  AND  ALL  LF*  S 
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APPENDIX  I 
Caloulatton  of  R_  and  R, 

¥  is 


A.  Caloitlation  of  R^. 

b  llie  Burled  Cable  Design  Verification  Program,  measurements  were  made  on 
▼arious  sizes  of  cable  of  the  relation  between  airflow  through  a  cable  length  to  pressure 
droo  over  the  cable  length.  It  was  found  that  the  ratio  Pressure  Drop  varied  only 

sli^tl7Withohangelnpre8Suredrop(seeMTOR-C-052,pagein-9, figure  3.  Ifacertaln 
average  pressure  drop  could  be  assumed,  then  the  ratio  Pressure  Drop  could  be  con- 

Air  Flow 

sldered  a  constant,  and  defined  as  the  Pneumatic  Resistance  of  the  cable.  Since  the 
maximum  network  pressure  Is  10  psig,  the  compressor  Input  pressure,  and  the  mini¬ 
mum  tolerable  network  pressure  Is  6  pslg,  the  value  at  which  a  low-pressure  alarm  is 
sent,  the  maximum  netwoiic  pressure  drop  is  4  psi.  Since  this  drop  is  distributed  over 
several  cables.  It  was  felt  that  an  average  pressure  drop  of  1  pslg  could  be  assumed. 
The  curves  In  MTOR-C-052,  page  in-9,  figure  3  were  extrapolated  to  form  the  curves 
shown  In  figure  I-l  of  this  report.  These  curves  show  specific  pneumatic  resistance 
Vp  b  pgi  per  1000  feet  of  cable  length  as  a  function  of  cable  size.  Cable  size  Is  ex¬ 
pressed  by  the  number  of  16  AWG  orTo  AWG  wire  pairs  In  the  cable. 

For  a  homogeneous  cable  (i.e.  containing  exclusively  16  AWG  or  exclusively  19 
AWG  wire  pairs)  the  value  of  rp  taken  from  figure  I-l  is  multiplied  by  the  length  of 
the  cable  In  thousands  of  feet  to  find  Rp,  the  pneumatic  resistance  of  the  cable.  A 
heterogeneous  cable,  containing  both  16  AWQ  and  19  AWG  wire  pairs,  is  treated  as 
kivtng  the  same  pneumatic  resistance  as  two  homogeneous  cables  In  parallel.  The 
qmolfio  pneumatlo  resistance  of  the  heterogeneous  cable  Is  found  by 


16  AWQ  ^  19  AWG] 

*p  “  jrp  16  AWG]^p  19  AWG  j 


and  this  value  of  rp  is  multiplied  by  the  length  of  the  cable  In  thousands  of  feet  to  find 


V  th*  pneumatic  resistance. 
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Figure  I-l.  ^lecillc  Poeumatio  Reslatanoe, 
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For  example,  cable  HH,  flight  C  contains  29  wire  pairs  of  16  AWG  and  13  wire 
pain  of  19  AWG  and  is  16,100  feet  long.  Consulting  the  16  AWG  curve  in  figure  I-l, 
Fp  for  29  wire  pairs  is  .08  psi  per  1000  feet.  Consulting  the  19  AWG  curve  in  Figure 

cfh 

I-l,  Fp  for  13  wire  pairs  is  1.70  £sl^  per  1000  ft.  Therefore 

cfh 


r  •  cable  HH  = 
P 


(.08)  (1.70) 
(.08)  +  (1.70) 


.076  per  1000  ft. 

cfh 


TIm  length  of  the  cable,  in  thoueands  of  feet,  is  16.1 


.076  X  16.1  =  1.23 


psi 

cfh 


Where  the  number  of  pairs  of  one  wire  size  in  a  cable  is  less  than  five  pairs,  the 
curves  In  figure  I-l  are  useless.  In  such  a  case,  it  was  assumed  that  all  wires  in  the 
Otble  were  of  the  more  populous  size.  For  example,  cable  U,  flight  K,  contains  6  pairs 
of  16  AWG  fflid  2  pairs  of  19  AWG*  16  AWG  is  the  more  populous  size  in  thtg  cable,  so 
assume  that  all  eight  wire  pairs  in  the  cable  are  16  AWG.  Consulting  the  16  AWG  curve 
In  figure  I-*l,  for  eight  pairs  is  0.88  psi  per  1000  feet. 

cfh 


B.  Calculation  of  R 

li 

This  report  considers  leakage  rates  of  0.5  CFDM  and  0.1  CFDM  for  a  system 
pressurized  to  10  psig.  (CFDM  is  cubic  feet  per  day  per  mile.)  These  two  leakage 

rates,  on  an  hourly  basis,  would  be,  respectively,  1  and  1  cfh  per  mile.  Leakage 

48  240 

oonductance  is  the  ratio  of  air  flow  to  pressure.  Based  on  an  average  10  psi  network 
pressure,  the  two  leakage  rates  represent  specific  leakage  conductances  of  JL 

1  cfh  480  psi 

per  mile  (0.5  CFDM)  and  2400  psi  mile  (0.1  CFDM).  These  values,  multiplied 

bj  the  length  of  the  cable  in  miles,  gives  the  leakage  conductance,  G  : 

L 


cfh 

480 

psi 

(Miles) 

cfh 

2400 

psi 

(0.5  CFDM) 

(0.1  CFDM) 
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Since  leakage  conductance  is  represented  In  simulation  by  an  electrical  resistor. 
It  la  oonTcnlent  to  speak  of  a  leakage  resistance,  which  is  simply  the  reciprocal 
of  the  leakage  conductance  Gj^: 


L  (Miles) 


(0.5  CFDM) 


R, 


2400 

(Miles) 


pai 

cfh 


(0.1  CFDM) 


For  oxamplog  cable  HH  flight  C  is  3.05 

87.4  -2^.  R^  for  0.1  CFDM  is 

olh  L  3.05 


miles  long. 
=  787.0 


R.  for  0.5  CFDM  is 


480 

3e05 
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APPENDIX  n 
CABLE  DATA 


Tablet  nA through  n-0  show  the  size,  length,  and  pneumatic  properties  of  each 
cable  in  the  Wing  I  buried  cable  network. 

Column  1  in  each  table,  '^Designation’’,  refers  to  the  cable  designations  used  in 
the  pressure  distribution  maps,  figs,  13  through  16  in  the  main  body  of  this  report. 

Columns  2  and  3  in  each  table,  ’’Number  of  Pairs,”  show  the  number  of  16  AWG 
and  19  AWO  pairs  in  each  cable. 

Column  4  shows  the  specific  pneumatic  resistance  for  each  cable,  computed  as 

described  in  Appendix  1. 

Columns  5  and  6  in  each  table  give  the  length  of  the  cable  in  miles  and  feet.  For 
an  interflight  cable,  half  the  total  length  of  the  cable  is  given. 

Column  7  shows  the  pneumatic  resistance  Rp  for  each  cable,  computed  as  described 

in  A^endix  L 

Columns  8  and  9  show  the  leakage  resistance  for  each  cable  for  leakage  rates 
of  0.5  and  0,1  CFDM,  computed  as  described  in  Appendix  I. 
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TABLE  n-A 

CABLE  DATA  FOE  -  FLIGHT  A»  WING  I 


CaMa  Cabl«  H  i, 

Cabto  Ho.  of  Pairs  p  Length  Length  p  L 

OMlCMtloa  !•  AWO  1»  AWO  .  Per  1000  Ft.  ^MUes)  (Feet)  't  0Tcr55l  STCrKT 


1057.8 
1600.0 

750.0 

123.0 

1412.0 

210S.B 

164.8 
2820.0 

457.0 

1087.8 

1804.8 

100.8 

400.8 

346.8 

1071.8 

365.8 

1481.5 
272.0 
027.8 

408.8 

484.8 

260.5 
674.0 

1270.0 

2112.8 
201.0 

2112.5 

882.0 

1412.0 

862.8 
663.0 
774.0 
678.0 

707.8 
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TABLE  n-B 

CABLE  DATA  FOR  -  FliGHT  B,  WING  I 


M9.  o<  Fair* 
IIAWO  UAWQ 

'p 

Par  1000  Ft 

Leflcth 

(Hilaa) 

CabU 

Ltngth 

(FatO 

•V 

_ "H. 

0.6CFOM  0.1CFOM 

-  A 

0 

9 

9.400 

9.09 

36,904 

•1.47 

94.3 

471.8 

■ 

» 

99 

0.454 

9,389 

3.45 

470.1 

8390.0 

C 

11 

99 

0.960 

9.14 

97,118 

7.05 

93.6 

467.3 

0 

1 

19 

0.936 

1.77 

14,651 

7.74 

173.0 

664.9 

1 

•11 

97 

0.303 

1.04 

9,919 

1.13 

459.3 

1396.9 

r 

f 

19 

0.639 

9.60 

13,747 

7.96 

184.3 

921.6 

0 

t4 

91 

0.190 

4.73 

14,950 

3.74 

101.0 

007.9 

1 

14 

14 

0.400 

3.43 

18,076 

7.33 

140.3 

TOl.l 

I 

M 

19 

0.130 

3.97 

90,956 

3.91 

120.9 

604.7 

1 

U 

i 

0.496 

9.43 

19,832 

6.36 

197,7 

988.8 

K 

4T 

14 

0.059 

3.60 

19,013 

1.10 

133.3 

666.6 

if 

M 

9 

0.060 

3.91 

20,671 

1.24 

122.9 

613.0 

u 

1 

15 

0.936 

3.19 

16,713 

8.83 

191.6 

7SB.3 

n 

4 

19 

1.950 

1.74 

9,196 

14.39 

379.9 

1377.7 

o 

9 

14 

0.937 

0.36 

1,923 

1.03 

1318.7 

6593.4 

p 

• 

19 

0.538 

3.00 

10,171 

8.94 

196.7 

783.S 

Q 

6  . 

9 

0.809 

1.39 

7,340 

9.94 

349.3 

1736.6 

II 

99 

14 

0.067 

4.33 

23,857 

1.53 

110.9 

554.4 

s 

44 

9 

0.060 

3.64 

30,375 

1.33 

129.0 

635.0 

T 

9 

IS 

0.526 

3.68 

19.427 

10.26 

130.9 

052.4 

U 

99 

IS 

0.067 

0.68 

4,668 

0.31 

543.0 

2714.9 

r 

9 

9 

0.596 

3.63 

14,885 

9.87 

170.3 

851.4 

w 

9 

99 

0.463 

4.03 

31,231 

10.23 

119.4 

579.2 

X 

9 

19 

0.928 

3.04 

16,038 

8.47 

158.0 

790.0 

T 

U 

10 

0.443 

4.05 

31,368 

9.47 

118.6 

593.0 

t 

1 

90 

o.9;ti 

3.33 

17,533 

9.13 

144*6 

733.9 

AA 

90 

s 

0.390 

3.00 

10,560 

3.06 

240.0 

1200.0 

BB 

19 

17 

0.437 

1.16 

6,138 

-  2.96 

412.7 

2063.6 

CC 

9 

19 

0.528 

9.20 

37,471 

14.50 

92.2 

461.3 

DD 

9 

93 

1.100 

1.06 

5,724 

6.30 

443.8 

2314.0 

tx 

9 

19 

1.350 

3.16 

16,669 

20.84 

152.0 

760.2 

FF 

9 

94 

0.597 

3.13 

18,450 

9.83 

154.0 

770.3 

GO 

39 

•  19 

0.056 

3.34 

17,134 

0.96 

147.9 

739.6 

■H 

90 

14 

0.130 

3.17 

16,749 

3.01 

151.3 

796.6 

B 

19 

9 

0.393 

3.09 

16,104 

6.31 

157.4 

766.9 

JJ  . 

99 

10 

0.077 

3.33 

17,054 

1.313 

148.6 

743.0 
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TABLE  n-C 

CABLE  DATA  FOR  -  FUGHT  C,  WING  I 


Cibto 

OMlgfUltlOM 

Ho.  at  Fairs 
16AWO  19AWO 

r 

P 

Par  1000  n. 

Csbls 

Ltngth 

(Miles) 

Cabts 

Lenftli 

(Keet) 

•v . 

"l 

~'U  ttbU - 

0,1  CFbM 

A 

8 

19 

0.989 

1.31 

8,917 

4.8 

388.4 

1832.0 

B 

• 

19 

0.089 

2.88 

15,101 

10.4 

167.8 

839.0 

c 

e 

9 

0.789 

1.34 

8.548 

9.1 

387.1 

1939.5 

D 

11 

23 

0.428 

8.42 

36,898 

14.9 

74.8 

374.0 

I 

• 

19 

0.909 

2.60 

13,728 

0.9 

184.8 

923.0 

r 

10 

14 

0.248 

1.27 

6,600 

1.6 

377.9 

1889.9 

0 

• 

19 

0.928 

4.10 

31,648 

11.4 

117.1 

585.9 

B 

29 

2 

0.060 

8.48 

34,241 

2.7 

74.0 

370.0 

1 

9 

13 

1.37 

1.05 

9,544 

7.6 

457.1 

2285.9 

J 

0 

29 

1.05 

8.47 

44,748 

47.0 

58.6 

283.0 

K 

9 

40 

0.80 

1.05 

5,544 

4.4 

457.1 

2285.9 

h 

9 

19 

1.37 

119 

11,352 

19.9 

323.2 

1116.0 

U 

2 

14 

1.43 

5.29 

27,931 

39.9 

90.7 

493.9 

N 

0 

9 

2.14 

1.9 

10,032 

21.5 

253.8 

1263.0 

O 

9 

18 

0.905 

4.28 

22,598 

11.4 

112.1 

560.5 

F 

9 

19 

1.37 

3.3 

17,424 

n.o 

145.4 

727.0 

Q 

• 

12 

0.731 

7.8 

41,184 

30.1 

81.9 

307.9 

B 

9 

12 

0.552 

0.84 

4,435 

3.4 

571.4 

2857.0 

8 

9 

11 

0.560 

1.75 

9,240 

5.1 

374.3 

1371.5 

T 

9 

15 

0.528 

4.21 

22,229 

11.7 

114.0 

570.0 

V 

A 

12 

0.731 

4.53 

23,918 

17.5 

106.0 

930.0 

r 

2 

12 

1.78 

7.14 

37.699 

67.1 

87.3 

338.0 

w 

12 

9 

0.830 

1.83 

9,663 

8.1 

262.3 

1311.5 

X 

41 

9 

0.068 

2.80 

14,784 

1.0 

171.4 

857.0 

Y 

90 

11 

0.05S 

140 

12,672 

0.73 

200.0 

1000.0 

Z 

12 

12 

0.465 

3.23 

17.054 

7.9 

148.6 

743.0 

AA 

99 

2 

0.060 

3.91 

20,671 

1.3 

122.6 

613.0 

BD 

9 

11 

0.560 

1.70 

8,976 

282.3 

1411.5 

CC 

9 

15 

0.928 

184 

13,939 

7.4 

181.8 

909.0 

DD 

9 

11 

0.746 

120 

11,616 

8.7 

218.2 

1091.0 

BE 

0 

IT 

1.43 

3.26 

17,213 

24.6 

147.2 

736.0 

FF 

2 

90 

0.65 

3.11 

16,421 

10.7 

194.3 

771,9 

OQ 

0 

20 

1.28 

102 

15,946 

20.4 

156.9 

794.5 

HH 

29 

12 

0.078 

105 

16,104 

1.3 

157.4 

787,0 

I 
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TABLE  n-D 

CABLE  DATA  FOR  -  FUGHT  O,  WING  I 


Cafal* 

Bo.  of  Fairs 

U  AWO  19  AWO 

% 

P«r  1000  rt. 

CaM« 

Ltfifth 

(MlUf) 

CaMs 

Lanfili 

(r#at) 

•s. 

*L 

"WCFDM  ^ 

Ti  CrDM 

A 

19. 

99 

0.329 

1.54 

0429 

2.7 

311.7 

1898.4 

» 

ai 

IT 

0.203 

,7.93 

41,883 

9.5 

80.9 

302.9 

C 

9 

19 

0.929 

1.74 

14,453 

7.9 

178.2 

878.9 

D 

94 

91 

0.150 

8.39 

38,189 

4.2 

90.1 

450.3 

1 

19 

10 

0.305 

2.38 

12,470 

3.8 

303.4 

1018.9 

F 

19 

U 

0.129 

0.20 

1,082 

0.1 

2400.0 

12000.0 

Q 

19 

9 

0.530 

.2.80 

13,740 

7.3 

184.8 

933.1 

■ 

11 

12 

0.46T 

1.93 

10,188 

5.0 

248.7 

1243.5 

1 

U 

12 

0.49T 

4.01 

21,137 

10.3 

119.7 

698.9 

9 

9 

1.93 

3.41 

18,002 

29.3 

140.8 

703.8 

S 

11 

20 

0.440 

8.39 

28,474 

12.5 

99.0 

445.3 

L 

9 

19 

0.551 

4.90 

33,878 

15.9 

108.7 

933.3 

M 

9 

IT 

1.30 

3.78 

19433 

23.9 

137.7 

838.3 

N 

9 

19 

0.891 

4.70 

24,809 

18.1 

102.1 

510.8 

0 

9 

9 

l.TO 

2.80 

13,708 

23.3 

184.9 

923.1 

F 

19 

14 

0.454 

1.94 

9,707 

4.4 

380.9 

1304.3 

Q 

IT 

11 

0.330 

2.24 

11,825 

3.9 

314.3 

1071.4 

m 

99 

14 

0.120 

2.40 

12,848 

l.S 

200.0 

1000.0 

• 

9 

IS 

0.529 

2.70 

14,373 

7.8 

177.8 

888.9 

T 

99 

2 

0.090 

9.489 

34441 

2.7 

74.0 

370.1 

u 

19 

9 

0.412 

1.19 

8,087 

3.9 

417.4 

2087.0 

T 

9 

IS 

0.529 

3.91 

20,704 

10.9 

132.4 

812.2 

W 

19 

12 

0.300 

1.02 

5,408 

1.0 

470.8 

2352.9 

X 

99 

20 

0.239 

1.03 

5,438 

1.3 

488.0 

2330.1 

T 

99 

22 

0.11T 

3.70 

19,517 

2.3 

139.7 

848.8 

Z 

9 

IS 

0.528 

3.98 

20,382 

10.7 

134.3 

821.9 

AA 

99 

10 

0.077 

3.23 

17,054 

1.3 

148.8 

743.0 

M 

11 

13 

0^491 

3.84 

19423 

9.3 

131.9 

059.3 

CC 

99 

19 

(h0T8 

4.91 

35,403 

1.9 

99.8 

498.9 

SO 

19 

11 

•  0.471 

2.84 

13,939 

8.8 

101.9 

909.1 

BZ 

9 

IS 

0.928 

4.24 

32488 

11.9 

113.2 

588.0 

FF 

9 

11 

0.980 

1.97 

8479 

4.0 

305.7 

1528.7 

*00 

9 

29 

0.489 

3.1 

18,382 

T.9 

154.0 

774,7 

■H 

9 

11 

1.49 

3.33 

17,039 

29.3 

148.8 

743.0 

a 

9 

19 

1.18 

3.57 

184SS 

32.3 

134.4 

872.3 

9 

23 

1.19 

3.53 

18,882 

33.0 

138.0 

979.9 
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TABLE  n-E 

CABLE  DATA  FOR  -  FLIGHT  E,  WING  I 


CtMm 

OMlfOttklM 

FaUrt 

tfAWO  UAWO 

'p 

Per  1000  n. 

CabU 

Ltnfth 

Cable 

LengtJi 

(Feet) 

"p 

"l 

0.6  CPOM 

0.1  CFDM 

A 

I 

It 

0.T31 

0.83 

4341 

3.3 

883.9 

3919.7 

B 

If 

1.8T 

3.19 

16864 

33.1 

130.3 

731.4 

C 

1 

1 

E33 

14T 

13043 

30.9 

104.3 

971.9 

D 

t 

18 

1.3T 

A89 

36173 

49.6 

70.1 

980.9 

1 

f 

11 

l.Tf 

3.01 

10823 

16.0 

398.6 

1103.8 

t 

11 

1.T8 

1.10 

6300 

11.3 

403.7 

3013.4 

O 

t 

If 

1.3T 

3.03 

13300 

31.9 

163.0 

814.4 

m. 

11 

1.83 

1.41 

7433 

13.1 

940.0 

1704.3 

I 

• 

IT 

1.30 

3.96 

13633 

16.8 

103.3 

810.8 

$ 

If 

tJT 

3,19 

16630 

39.1 

130.3 

733.9 

E 

• 

11 

0.901 

9.11 

48C76 

38.7 

33.7 

269.4 

L 

T 

If 

0.884 

147 

. 13028 

7.7 

194.9 

971.7 

If 

1 

f 

1.T0 

100 

13708 

33.3 

184.0 

939.1 

n 

9 

If 

0.589 

1.11 

3876 

3.9 

491.3 

3136.3 

o 

9 

8 

0.88 

4.33 

33334 

19.0 

119.5 

367.4 

•B 

9 

13 

0,TIT 

133 

17561 

13.6 

144.3 

731.6 

Q 

9 

13 

0.T31 

1.44 

7536 

8.5 

334.0 

1670.1 

B 

9 

IL 

0.308 

133 

13387 

7.9 

306.9 

1031.4 

• 

1 

It 

1.34 

134 

11818 

14.6 

314.8 

1073.4 

T 

11 

14 

a454 

1.11 

5880 

3.7 

490.8 

3152.3 

U 

n 

If 

QL168 

104 

16080 

3.7 

167.6 

788.3 

▼ 

f 

If 

0.669 

183 

30180 

13.9 

133.6 

627.9 

w 

» 

If 

0.0T8 

4.81 

33403 

1.9 

99.1 

408.9 

E 

IT  - 

33 

0.300 

1.46 

7831 

3.3 

933.7 

1618.9 

T 

t 

If 

0.343 

7.87 

41574 

33.6 

61.0 

904.6 

B 

1 

If 

1.37 

4.37 

33088 

31.6 

109.8 

547.6 

AA 

13 

0.T31 

4.00 

34300 

17.8 

104.9 

531.3 

BB 

• 

33 

0.483 

1.08 

3680 

3.0 

446.1 

3330.3 

CC 

1 

34 

0.88 

134 

17630 

15.3 

149.6 

718.8 

DO 

0 

18 

1.53 

138 

17733 

37.3 

143.0 

714.3 

BB- 

I 

14 

1.4T 

133 

17169 

33.3 

147.6 

736.0 

FF 

3 

If 

1.3T 

134 

17064 

39.4 

146.3 

741.7 

TABLE  n-F 

C/.3LE  DATA  FOR  -  FUGHT  F,  WING  I 


MTOR-C'ITO 
S8  liaroli  1963 

Pag*  Ta 


PttifiHwi 

Ha*  o(  Mrt 
!•  AWO  If  AVI 

% 

Ptr  1000  Pt. 

CabU 

Langtli 

(MiUa) 

CabU 

Lanftb 

(rate) 

1 

0.8  CFDM 

0.1  croM 

A 

f 

u 

0.881 

8.14 

48187 

21.8 

88.7 

292.4 

B 

t 

11 

1.880 

1.88 

IflU 

24.9 

111.4 

487.4 

e 

f 

0 

0.417 

4.04 

12008 

20.1 

79.2 

198.4 

B 

t 

u 

0.841 

7.04 

87297 

20.2 

48.0 

140.0 

S 

IS 

1.170 

4.fl 

14018 

18.4 

47.4 

487.0 

f 

• 

u 

0.711 

1.41, 

10171 

14.0 

132.2 

441.0 

0 

• 

If 

0.Uf 

1.10 

17414 

4.2 

148.4 

724.8 

■ 

10 

u 

0.077 

1.81 

15484 

1.1 

191.4 

818.2 

1 

u 

u 

0.448 

4.17 

12541 

10.5 

112.1 

841.7 

i 

10 

1 

0.040 

8.11 

27577 

2.2 

41.4 

464.8 

B 

41 

f 

0.048 

4.44 

25580 

1.8 

99.1 

499.4 

L 

0 

u 

0.881 

1.14 

17218 

4.8 

147.0 

715.1 

U 

11 

0 

0.004 

1.44 

8774 

0.5 

288.4 

1448.2 

B 

T 

T 

0l734 

8.2f 

41800 

12.1 

87.9 

289.1 

O 

tt 

1 

0.040 

8.04 

14241 

1.0 

167.0 

780.2 

9 

U 

u 

0.448 

1.14 

14558 

7.7 

153.1 

785.1 

Q 

0 

u 

0.528 

1.07 

14217 

8.4 

154.1 

781.5 

B 

0 

1 

0.804 

1.56 

•194 

4.4 

104.1 

1844.4 

• 

0 

tl 

0.540 

1.04 

8404 

1.1 

452.0 

2399.9 

u 

10 

0.411 

1.08 

5401 

2.1 

489.2 

2144.0 

0 

u 

f 

0.104 

1.24 

17218 

4.8 

147.2 

714.2 

u 

1 

0.100 

1.14 

12180 

2.8 

204.7 

1021.4 

W 

14 

T 

0.140 

0.48 

5190 

0.8 

488.3 

2441.5 

Z 

tl 

1 

0.400 

1.81 

20185 

8.1 

125.4 

427.8 

T 

H 

• 

0.089 

1.19 

4110 

0.4 

401.7 

2004.4 

B 

tf 

1 

0.112 

1.91 

10210 

1.2 

248.2 

1241.0 

AA 

0 

s 

0.470 

1.18 

14519 

11.1 

151.4 

747.0 

BB 

0 

14 

0.814 

1.40 

•441 

4.8 

100.2 

1500.9 

CC 

1 

U 

1.580 

1.18 

14772 

24.0 

151.1 

795.4 

no 

1 

M 

1.080 

,  1.24 

17224 

18.4 

147.1 

718.8 

BB 

tl  ’ 

1 

0.104 

1.14 

17111 

4.8 

148.1 

740.8 

rr 

tl 

18 

0.107 

1.18 

18544 

4.1 

153.2 

744.0 
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Ml* 

PNlfmOow 

No.  of  Fairo 
MAWQ  19AWO 

For  foOO  ft 

Cabl* 

LtfifUi 

(MIIm) 

Cabto 

Ungth 

(FMt) 

*7 

_ IIL 

0.5  CFDM 

0.1  CfDM 

A 

1 

12 

1.00 

2.00 

15476 

24.0 

160.8 

810.1 

• 

1 

00 

0.04 

3.64 

10224 

18.1 

101.9 

659.0 

C  - 

0 

0 

1.37 

0.64 

10230 

26.0 

131.9 

650.0 

D 

u 

20 

0.00 

3.66 

30467 

8.1 

130.7 

618.6 

B 

• 

11 

0.00 

1.85 

0160 

4.6 

300.7 

1540.4 

F 

• 

0 

0.07 

2.42 

12770 

0.6 

198.0 

991.7 

O 

n 

00 

0.10 

1.06 

5500 

1.0 

453.8 

2364.1 

■ 

ti 

0 

0.226 

1.60 

0680 

2.2 

263.0 

1311.5 

1 

• 

0 

0.00 

0.20 

17180 

9.1 

147.7 

738.4 

0  . 

11 

1.87 

0.02 

30070 

00.3 

130.0 

604.5 

B 

0 

14 

1.00 

1.06 

8350 

13.9 

303.0 

1510.0 

L 

0 

0 

0.809 

1.84 

0698 

7.0 

260.0' 

1304.3 

U 

11 

14 

0.071 

0.76 

4000 

1.0 

631.6 

3157.9 

n 

S0 

IS 

0.004 

1.60 

6450 

0.8 

300.0 

1500.0 

o 

0 

0 

0.809 

3.60 

16000 

15.4 

133.0 

666.7 

F 

04 

27 

0.007 

1.07 

0670 

0.3 

448.6 

2243.0 

Q 

0 

21 

0.621 

3.00 

11050 

6.0 

139.7 

1146.3 

R 

04 

20 

0.007 

'  4.01 

31100 

1.2 

119.7 

598.5 

• 

40 

14 

0.030 

2.67 

14115 

0.8 

179.8 

898.0 

T 

0 

10 

0.000 

3.50 

13605 

6.8 

165.3 

936.6 

B 

14 

14 

0.400 

3.17 

16732 

6,7 

151.4 

757.1 

F  ^ 

• 

10 

0.651 

3.40 

18450 

13.0 

137.5 

687,7 

w  ♦ 

U 

12 

0.465 

6.01 

36457 

16.9 

09.5 

347.3 

X 

• 

15 

0.038 

3.00 

16320 

8.0 

155.0 

778.7 

T 

4 

15 

0.669 

4.25 

32442 

15.5 

113.9 

564.7 

B 

0 

10 

1.550 

10.00 

53306 

62.7 

47.6 

237.9 

AA 

0 

15 

0.530 

3.46 

10355 

9.7 

137.0 

069.7 

BB 

0 

10 

0.536 

3.63 

13840 

7.3 

183.3 

016.0 

CC 

0 

10 

0.528 

3.65 

10250 

10.2 

131.5 

657.5 

OD 

00 

30 

0.001 

0.8 

51744 

4.7 

40.0 

344.9 

BB 

36 

22 

a037 

3.76 

19058 

1.1 

127.0 

634.0 

•  FT 

52. 

3 

0.060 

0.00 

16241 

1.0 

157.0 

760.2 
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TABLE  n-H 

GABLE  DATA  FOR  -  FUOHT  H,  WING  I 


CMHv 

Hh.  of  Mrs 
liAWO  tIAWO 

rarfooon. 

COM* 

Unftli 

(MIIm) 

CaM« 

Unitli 

(F«tD 

"p 

_ % _ 

0.0  CrOM  0.1  CFDM 

A 

0 

1.14 

1.M 

10700 

40.1 

134.0 

074.3 

B 

u 

oo 

f.HS 

1.00 

10044 

7.1 

113.4 

010.0 

C 

T 

tr 

0.IH 

S.OT 

14073 

0.4 

170.0 

000.0 

B 

tt 

14 

0.414 

1.M 

10000 

0.0 

130.0 

670.0 

1 

0 

1.00 

S.10 

10174 

31.S 

101.0 

TOO.O 

r 

U 

to 

o.ias 

1.40 

7730 

1.7 

U0.0 

1643.0 

0 

tt 

tt 

0.4T1 

1.40 

13100 

0.1 

103.0 

003.0 

m 

t 

• 

0.IS0 

1.0T 

5643 

S;0 

440.0 

1343.0 

1 

• 

0 

0.0S4 

1.00 

10030 

0.S 

103.0 

tt03J 

1 

tt 

1.40 

1.14 

0563 

O.T 

307.1 

1030.5 

B 

• 

0 

MTO 

1.00 

10175 

u.o 

131.0 

607.0 

L 

IS 

is 

0.S0S 

1.10 

17157 

0.0 

147.7 

730.0 

M 

• 

0 

O.SOO 

1.00 

10600 

0.0 

133.0 

1100.0 

9 

i 

s 

1.000 

i.rr 

N60 

10.0 

106.7 

1103.4 

0 

M 

IT 

o.»s 

0.10 

17470 

4.1 

01.1 

461.0 

f 

u 

tt 

0.401 

0.30 

17400 

0.1 

145.4 

n7.3 

4 

so 

14 

non 

0.00 

4767 

0.4 

033.3 

1000.7 

B 

0 

u 

0.IS0 

1.00 

14057 

7.4 

100.4 

002.3 

• 

so 

s 

0.000 

1.10 

10360 

1.0 

104.0 

774.1 

T 

u 

0 

0.S9S 

T.IO 

37404 

14.7 

07.6 

330.0 

B 

0 

tt 

OlTSI 

0.10 

17471 

30.1 

013 

401.0 

▼ 

0 

0 

0.0ST 

13.10 

04400 

40.4 

30.3 

100.7 

W 

It 

IS 

nat 

1.10 

17317 

13.1 

03.0 

400.1 

K 

0 

to 

too 

0.00  <. 

47333 

73.3 

03.4, 

107.0 

T 

0 

tt 

oini 

1.53 

10560 

13.0 

136.4 

001.0 

S 

11 

u 

0.400 

4.03 

15470 

13.3 

00.4 

490.0 

AA 

1 

to 

1.000 

10.71 

06564 

07.7 

134.1 

0 

IS 

o.nt 

3.70 

10543 

14.3 

040.0 

CC 

M 

tt 

0.100 

4.00 

33753 

3.7 

033.3 

OD 

u 

u 

0.400 

3.43 

13017 

0.0 

007.0 

BB 

so 

s 

0.000 

I.U 

37577 

-3.3 

01.0 

400.0 

BF 

0 

ts 

0.010  . 

S.U 

10477 

0.7 

toil 

no.! 

MTOR-C-170 
M  Marah  1963 
Pag*  75 


TABLE  n - 1 

CABLE  DATA  FOR  >  FLIGHT  L  WING  I 


cmt 

OMifMllMI 

Be.  el  Mre 
10AWO  tIAWO 

Per  rooon. 

Cable 

Lefifth 

(Mllee) 

Cable 

lenfth 

(Feet) 

^  ■ 

It 

"WCfDM  ■ 

L 

"UTcreir 

A 

It 

10 

0.101 

3.29 

17399 

3.1 

1413 

731.7 

s 

r 

0 

0.119 

3.92 

18609 

3.1 

1314 

881.8 

c 

• 

10 

1.11 

3.13 

18904 

31.9 

193.3 

7018 

0 

f 

10 

0.011 

9.93 

18833 

9.9 

1310 

079.9 

1 

• 

t 

1.90 

9.39 

38467 

42.7 

90.0 

4413 

f 

to 

1 

0.074 

9.30 

17910 

1.4 

141.8 

708.0 

0 

It 

0.731 

L44 

12909 

9.4 

1917 

9819 

1 

0 

0 

0.009 

L94 

13403 

10,9 

189.0 

944.9 

1 

11 

14 

0.496 

1.02 

9839 

4.4 

203.7 

13117 

j 

1 

91 

0l4M 

1.90 

8339 

3.7 

307.7 

19319 

B 

0 

1 

0.000 

3.00 

19609 

10.3 

1613' 

910.8 

L 

to 

0 

0.123 

1.90 

7941 

1.0 

330.0 

1800.0 

U 

M 

14 

0.076 

102 

14913 

1.1 

170.3 

091.1 

t 

It 

L99 

4.02 

31333 

33.9 

110.4 

697.0 

o 

IT 

11 

0.111 

130 

17737 

10 

1418 

714.3 

r 

1 

It 

1.99 

3.90 

18813 

39.3 

134,8 

874.3 

Q 

14 

t 

0.110 

192 

44986 

9.9 

913 

281.7 

1 

10 

11 

0.103 

9.07 

91039 

14.0 

49.8 

2412 

0 

0 

It 

0.953 

9.90 

20393 

18.3 

818 

4314 

T 

0 

It 

0.993 

110 

.10833 

9.3 

150.9 

7913 

V 

tl 

14 

0.197 

lit 

30741 

11 

819 

4114 

▼ 

0 

10 

0.091 

104 

20776 

13.6 

121.0 

800.1 

IT 

11 

01106 

1.02 

9403 

0.6 

470.6 

2392.9 

X 

0 

19 

0.929 

191 

10096 

10.1 

133.0 

0618 

to 

It 

0.009 

1.91 

10104 

0.7 

291.3 

12919 

B 

It 

It 

0.409 

4.19 

31939 

10.3 

115.7 

9713 

AA 

to 

at 

a097 

178 

19999 

1.1 

127.0 

0319 

M 

to 

10 

0.077 

7.09 

19 

68.1 

340.4 

CC 

0 

T 

0.711 

107 

30.3 

516 

397.4 

DO 

IT 

0 

0.119 

139 

19 

718 

377.9 

BB 

14 

0 

0.101 

111 

18799 

17 

190.9 

7917 

rr 

IT 

0 

0.114 

170 

35799 

11 

70.8 

3910 

00 

10 

• 

0.121 

170 

13 

117.7 

0313 

BB 

It 

0 

Clio 

130 

23031 

16 

1111 

990.9 

TABLE  n  >  J 

CABLE  DATA  FOR  -  FLIGHT  J.WINO  I 


MTOR-C-ITO 
M  Maroh  1»«3 
T6 


CMbte 

FiUra 

tIAWO  IfAWO 

F«r  1000  Pt 

ClM* 

UflOtO 

(miM) 

CaM« 

LMIftil 

(FmO 

•l 

0.9  CPDM 

0.1  CPDM 

A 

f 

tl 

1.H 

1.1T 

10T19 

39.0 

191.4 

T9T.1 

a 

f 

11 

0.910 

3.10 

10941 

9.0 

100.9 

T93.3 

c 

U 

10 

o.ai 

1.90 

19394 

0.4 

100.1 

030.4 

u 

14 

01490 

9.10 

lOTTO 

T.O 

190.0 

T94.T 

B 

tt 

IT 

0.41T 

1.01 

9491 

1.4 

400.0 

*  1330.1 

w 

1 

a 

1.4t 

1.39 

0900 

0.T 

904.0 

1030.0 

0 

11 

It 

0.III 

1.30 

TIM 

I.T 

3M.0 

1T09.T 

■ 

u 

14 

0.490 

1.91 

TOTO 

3.0 

31T.0 

1909.4 

t 

tl 

1 

0.100 

0.90 

.  9190 

1.0 

400.0 

3449.0 

s 

11 

1 

0.400 

I.U 

ia4i 

9.3 

100.T. 

oa.4 

K 

u 

0 

0.UI 

0.09 

9130 

1.1 

404.0 

3414.3 

It 

II 

0.100 

0.00 

9100 

1.1 

a9.o 

1449.0 

u 

• 

u 

0.900 

IJT 

13900 

T.0 

101.9 

1011.T 

n 

• 

11 

0.900 

1.09 

10030 

0.1 

U4.1 

11T0.T 

0 

11 

10 

0.III 

1.19 

0900 

1.4 

300.0 

1091.3 

F 

u 

1 

0.400 

3.40 

1T090 

T.I 

141J 

T09.9 

1 

11 

1.IT0 

3.90 

10901 

39.0 

134.1 

0T0.4 

B 

• 

11 

0.009 

9.a 

34004 

34.1 

n.9 

303.9 

• 

11 

10 

0.390 

0.19 

43093 

19.3 

90.0 

104.9 

T 

i 

10 

0.000 

3.IT 

10434 

14.1 

134.0 

030.1 

u 

• 

11 

0.993 

3.40 

104iT 

10.3 

13T.0 

007.T 

F 

IS 

1 

0.190 

14.T1 

TT004 

10.4 

U.0 

103.1 

W 

t 

0 

0.03T 

10.34 

94000 

33.0 

40.0 

134.4 

X 

• 

0 

OlOIT 

a.n 

1004T 

13.3 

130.0 

049J 

T 

K 

19 

0.0T0 

3.30 

13484 

0.0 

103.4 

1019.9 

• 

U 

0.993 

3.91 

10114 

11.1 

130.0 

030.0 

AA 

IT 

0 

0.119 

4.30 

33031 

3.0 

110.1 

990.9 

BB 

• 

tl 

O.0H 

4.03 

11391 

14.T  ‘ 

110.1 

909.9 

CC 

• 

11 

0.009 

3.10 

10090 

11.9 

191.0 

T99.9 

BD 

1 

11 

0.900 

9.34 

ITOST 

11.1 

143.T 

T10.0 

.BX 

II 

14 

0.090 

1.13 

11330 

0.0 

330.3 

11I0.T 

FF 

It 

1 

0.000 

3.10 

19300 

1.0 

194.0 

mi 

i 
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TABUe  n<K 

CABLE  DATA  FOB  -  FUOHT  K.  WINO  1 


mctPtdn 
MAWO  ItAWO 

'p 

9»r  lOOOPI. 

Cablf 

Ltuftli 

(MIIm) 

Calito 

tBnctli 

*» 

*L 

u  cnu^ 

6Jcnu 

A 

ST 

14 

80fT 

1.09 

9094 

89 

919.7 

1949.4 

9 

4§ 

IT 

9.0ff 

899 

9900 

0.9 

494.9 

9494.9 

e 

• 

tf 

0.ff9 

9.19 

19709 

11.9 

190.9 

794.7 

4$ 

11 

9.099 

1.99 

lOlOO 

84 

949.7 

1949.0 

8 

$ 

If 

OlOff 

9.90 

19479 

189 

tv.t 

499.7 

r 

4i 

f 

9.090 

9.13 

19994 

1.0 

199.9 

740.9 

0 

If 

If 

OLfTf 

4.09 

91099 

9.9 

117.4 

049.9 

m 

ff 

OLllf 

841 

99949 

4.0 

74.9 

974.4 

f 

f 

If 

9.099 

9.19 

10417 

11.4 

109.4 

741.9 

s 

ff 

14 

9.110 

839 

U90I 

87 

111.11 

999.4 

• 

U 

0.999 

899 

19944 

10.9 

144.1 

9984 

la 

M 

f 

aioo 

9.97 

17940 

1.7 

144.9 

794.9 

St 

IT 

9.499 

LU 

4041 

9.7 

417.4 

9097.0 

8 

u 

f 

9.499 

899 

9019 

9.9 

900.9 

9999.1 

o 

f 

If 

9.099 

9.49 

14109 

10.0 

199.9 

499.7 

9 

f 

f 

9.900 

1.99 

9904 

4.9 

.  994.9 

1479.4 

II 

If 

f 

9.990 

19.9 

94999 

10.1 

99.4 

194.9 

8 

f 

• 

9.99T 

9.09 

14147 

10.1 

194.9 

794.9 

• 

f 

9 

0.09T 

9.00 

19499 

11.4 

197.1 

499.7 

T 

If 

f 

8100 

9.07 

10904 

9.9 

991.9 

1199.4 

9 

« 

t 

8990 

9.99 

lion 

10.4 

909.4 

1049.0 

t 

$ 

If 

8999 

9.U 

19007 

9.1 

199.9 

709.9 

W 

$ 

11 

1.99 

9.19 

19917 

97.4 

100.9 

799.9 

X 

$ 

f 

1.99 

1.99 

'  9799 

19.9 

909.9 

1997.0 

u 

,  If 

89M 

4.99 

994U 

9.0 

99.4 

497.9 

8 

• 

U 

8999 

T.OO 

40449 

99.9 

49.7 

919.9 

AA 

• 

If 

8999 

9.40 

19994 

9.9 

199.1 

979.9 

88 

If 

11 

8909 

l.U 

9900 

1.9 

499.9 

9149.9 

OC 

If 

14 

899T 

9.94 

17449 

4.9 

149.7 

719.9 

8D 

f 

If 

LIT 

9.09 

14394 

19.1 

100.9 

n9.7 

88 

f 

9 

8997 

9.19 

19419 

184 

199.4 

791.9 

99 

9 

U 

LT9 

809 

lUOT 

99.0 

190.9 

7787 
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TABLE  n - L 

CABLE  DATA  FOR  -  FUGHT  L,  WING  I 


CaMt 

Ho.airair« 
MAWO  IIAWO 

F«r  fooon. 

CaMa 

Lanftb 

(MIIm) 

CaMa 

Langtii 

(Paat) 

_ 5l. 

0.9  croif 

0.1  croM 

k 

It 

f 

0.040 

110 

11994 

0.7 

330.0 

11410 

> 

40 

t 

0.000 

4.11 

3IT90 

l.t 

111.4 

9910 

C 

11 

It 

0.460 

150 

13931 

19 

107.9 

037.9 

0 

40 

t 

0.000 

ITT 

1.1 

013 

4110 

1 

0 

1- 

0.010 

10 

1913 

701.0 

f 

to 

tt 

0.ttT 

10 

3010 

10113 

0 

11 

It 

A460 

111 

10049 

7.7 

1914 

701.9 

n 

0 

14 

0.ltT 

1.10 

0140 

It 

4110 

3004.0 

t 

0 

30299 

It 

1310 

0310 

s 

0 

7.0 

1710 

000.3 

B 

It 

0.441 

^bTtTT^B 

10.1 

1111 

.  901.7 

L 

It 

10 

1419 

7319 

M 

It 

^P  T^H 

14 

1010 

939.3 

V 

11 

0.101 

1T313 

17 

147.3 

7312 

0 

M 

0.100 

IIT 

17360 

1.7 

1410 

7313 

P 

1 

11 

0.T40 

123 

IITSO 

10 

3113 

10713 

9 

IS 

It 

0.1tt 

129 

laOTl 

1.0 

309.0 

10410 

11 

14 

IT 

AOOt 

1.40 

T400 

0.4 

3419 

1714.3 

• 

14 

14 

0.000 

109 

19301 

0.0 

1011 

0314 

T 

11 

0.400 

111 

31914 

113 

HIT 

9713 

0 

1 

^at^H 

140 

1T9T1 

10 

141.3 

7019 

r 

41 

0.000 

113 

1659T 

1.0 

1919 

7013 

w 

0 

^  0.IS0 

120 

1T301 

11 

147.3 

7313 

X 

14 

119 

11340 

9.0 

333.3 

11113 

T  • 

IT 

0.34 

49330 

lit 

91.4 

397.0 

s 

11 

193 

1940T 

7.1 

lOlt 

till 

AA 

n 

160 

14019 

1.4 

100.4 

9013 

M 

to 

4.31 

33733 

7.3 

111.4 

9910 

CC 

11 

131 

17303 

14 

1419 

7314 

SO 

0 

1.90 

0390 

10 

3010 

19110 

BB 

to 

^bT^H 

114 

10990 

1.0 

1910 

7013 

rr 

0 

A04S 

113 

10440 

110 

1010 

700.3 

oa 

It 

IT 

0.100 

109 

10130 

4.3 

197.4 

7019 

Bit' 

1 

0 

1.0T0 

144 

10103 

34.0 

139.9 

007.7 

0 

It 

0 

o.ttt 

109 

19373 

13 

13L.I 

097.9 

Si 

40 

t 

04)00 

ITO 

14571 

10 

1710 

009.0 
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TABLE  n-M 

CABLE  DATA  FOR  -  FLIGHT  M.  WING  I 


Na-ofFiln 
tiAWO  ttAWO 

% 

‘F*r  1000  ft 

CM. 

Lifigth 

(MIIm) 

Cable 

Langth 

(real) 

*L 

"  o;i  crpM  * 

TTICrDH 

A 

40 

1 

0.000 

1.00 

IfOH 

0.0 

1M.0 

930.1 

m 

ft 

1 

0.010 

11.10 

80303 

3.0 

tt.7 

113.3 

c 

If 

1 

0.lfl 

1.00 

18193 

0.0 

100.7 

033.3 

0 

14 

1 

0.0f0 

l.lt 

11430 

0.7 

131.3 

1108.0 

IS 

• 

0.111 

3.10 

10090 

1.0 

100.9 

793.4 

r 

M 

1 

0.0lt 

0.31 

33777 

3.0 

73.3 

300.9 

U 

u 

0.411 

I.TI 

19003 

0.3 

117.0 

034.9 

It 

4 

o.oto 

1.00 

9010 

0.4 

493.0 

3304.1 

i 

0 

If 

0.III 

i.or 

10331 

1.0 

190.9 

701.0 

i 

10 

II 

0.0Tf 

1.00 

0494 

0.7 

300.7 

1333.9 

s 

It 

II 

0.100 

1.10 

5707 

0.0 

430.4- 

3101.0 

1 

IS 

1.110 

4.33 

33334 

30.4 

113.0 

007.4 

m 

0 

11 

0.000 

1.00 

30094 

11.3 

130.3 

631.t 

n 

0 

If 

0.011 

3.33 

17077 

1.0 

140.0 

743.0 

o 

u 

11 

0.4tl 

.  1.00 

3.9 

400.0 

3400.0 

p 

1 

1.000 

1.33 

0431 

13.0 

393.4 

1907.3 

Q 

40 

I 

0.000 

1.70 

14973 

0.9 

173.9 

009.0 

m 

II 

1 

0,110 

1.17 

19089 

K9 

101.0 

000.1 

c 

1 

If 

0.SU 

1.71 

14719 

173.0 

000.3 

T 

II 

1 

0.111 

1.14 

9003 

mW 

431.0 

3109.3 

II 

10 

0.ISI 

0.00 

4079 

1.1 

939.3 

■  MW 

It  . 

41 

0.101 

^9.07 

39943 

04.0 

433.9 

w 

1 

40 

0.400 

^1.30 

9994 

sio. 

304.0 

1030.0 

z 

• 

If 

0.011 

Ml 

14809 

7.8 

170.0 

094.1 

0 

If 

1.090 

f.a 

44744 

47.0 

90.0 

303.0 

% 

14 

If 

0.191 

4.04 

S5S94 

3.9 

09.3 

499.9 

AA 

11 

.  It 

0.490 

3.40 

17937 

I.S 

141.3 

709.9 

PM 

n 

1 

0.140 

3.38 

17303 

3.4 

140.9 

733.4 

cc. 

II 

44 

0.1lt 

1.33 

0433 

1.3 

393.4 

1907J 

PD 

• 

IS 

0.9U 

0.81 

40939 

34.0 

M.9 

273.4 

n 

II 

• 

0.111  ^ 

0.01 

4778 

1.9 

937.9 

3097.4 

rr 

u 

IS 

0.400 

3.14 

*  10997 

7.7 

193.0 

704.9 

00 

11 

11 

0.101 

1.10 

0301 

1.0 

403.4 

3010.0 

in 

n 

II 

0.103 

3.44 

10194 

3.7 

139.8 

097.7 

n 

1 

II 

0.000 

3.71 

19009 

9.0 

139.4 

040.9 

Si 

11 

II  . 

0.310 

.  1.03 

19930 

4.0 

180.9 

794.7 

n  ' 

0 

fl 

0.030 

3.10 

iN43 

10.0 

190.8 

793.4 

u* 

n 

f 

0.000 

4.M 

laija 

1.0 

17.0 

a4.o 

TABLE  n-N 

CABLE  DATA  FOR  -  FUGHT  N.  WING  I 


mOR-ColTO 

t8Mardil963 

BiCaSO 


Cibto 

OwlfMitfoa 

IIAWO  IIAWO 

p»r  fooon. 

Cttlt 

LMztt 

m-) 

~TSKr 

tantOL 

<rMi| 

*F 

*L 

0.0CrDM  0.tCrDM 

A 

• 

0 

0L0Q0 

0.01 

00000 

10.0 

100.0 

000.0 

m 

i 

10 

0.000 

0.00 

00007 

10.0 

100.4 

017.0 

e 

u 

10 

0L0T1 

1.00 

MOI 

0.0 

000.7 

1000.0 

40 

M 

0L000 

0.lt 

07070 

1.0 

00.0 

404.0 

M 

«T 

0 

0.000 

0.00 

10101 

1.0 

107.4 

700.0 

w 

0 

10 

0LI00 

4.00 

04410 

10.0 

101.0 

019.0 

Q 

M- 

10 

0L100 

1.04 

0040 

.  1.1 

■ 

tt 

11 

0l4tl 

0.01 

14040 

7.0 

1 

0 

11 

0J0O 

1.00 

0000 

0.0 

s 

1 

10 

I.S00 

4.00 

00010 

00.0 

^HFTTTS 

B 

'9 

10 

1.100 

0.00 

00000 

00.0 

t» 

0 

IT 

0.0tt 

1.00 

0070 

0.0 

II 

0 

tt 

0.000 

4.00 

01004 

11.7 

B 

1 

14 

1.4S0 

A00 

0000 

000J 

0900.0 

o 

0 

0 

AO10 

1.40 

7070 

■nr^H 

00t0 

1000.0 

P 

10 

10 

0.040 

lAH 

00040 

44.0 

020.0 

Q 

tt 

10 

0.400 

4.00 

00010 

00.4 

400.0 

B 

il 

10 

0.100 

0.40 

00000 

0.4 

00.0 

444.4 

0 

00 

0. 

0.000 

0.71 

14010 

0.0 

177.1 

000.0 

N 

11 

ai0o 

1.07 

0074 

1.0 

000.7 

1000.4 

10 

0- 

A000 

0.00 

10000 

0.4 

100.0 

010.0 

P 

0 

10 

1.00 

4.00 

00004 

00.4. 

110.0 

907.4 

w 

M 

10 

0.000 

.1.00 

0010 

0.0 

000.7 

1900.0 

z 

0 

1.00 

1.40 

7040 

14.4  ’ 

001.0 

10S9J 

r 

0 

tt 

0.701 

I4B 

10070 

11.7 

100.4 

790.1 

0 

0.00 

040 

14700 

04.0 

171.4 

097.1 

M 

tt 

0.701 

0.00 

01100 

00.0 

01.4 

406.0 

M 

0 

U 

0.701 

1.10 

0000 

4.0 

400.4 

0010.0 

OC 

10 

1.700 

10000 

00.0 

100.0 

000.0 

OD 

11 

If 

0L000 

17000 

7.0 

141.0 

700.0 

n 

0 

10 

1.04 

10000 

00.7 

100.0 

001.0 

PW 

11 

00 

A4I0 

0.00 

10000 

0.0 

100.0 

000.7 

TABLE  n - O 

CABLE  DATA  FOR  -  FUQHT  O.  WINO  I 
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BmChHw 

If  490 

P^M 

If  AWO 

rwfooon. 

cm* 

tMfti 

(MIIm) 

CM 

Btafiii 

(FmC 

S 

0.8  CPDM 

i _ 

11  CPDM 

A 

« 

11 

I,fl 

i.if 

mi 

17.1 

1717 

1303.0 

f 

If 

1.11 

T.fl 

40101 

oao 

01.1 

3114 

e 

t 

1 

Iff 

1.N 

lOlll 

11.0 

144.0 

11118 

t 

It 

UM 

l.fl 

lUI 

ar 

4811 

13713 

■ 

1 

If 

UM 

all 

10014 

lao 

1810 

7817 

r 

f 

f 

f.fT 

Iff  . 

18004 

17.1 

08.0 

480.8 

o 

If 

If 

a.fM 

ait 

11840 

1.0 

117.1 

1080.0 

■ 

It 

11 

fL46f 

ail 

10811 

ao 

1117 

0811 

1 

M 

If 

f.08f 

1.10 

mo 

a4 

m.i 

18411 

j 

f 

If 

fLiif 

an 

IfllT 

lai 

117.7 

0313 

s 

M 

It 

flOlf 

CTl 

mof 

ao 

71.8 

357.7 

L 

11 

11 

fl46l 

I.N 

10880 

at 

111.8* 

007.0 

It 

If 

am 

I.II 

OHT 

1.4 

108.0 

18111 

f 

f 

auf 

asi 

imi 

14 

1118 

10810 

O 

11 

IS 

am 

aio 

40418 

10.1 

818 

1717 

P 

f 

If 

am 

aof 

10034 

10.0 

1311 

0017 

Q 

If 

f 

am 

1.41 

I88TT 

at 

817 

443.0 

m 

11 

If 

am 

an 

mio 

4.0 

100.8 

0017 

t 

If 

f 

aoao 

Iff 

18130 

to 

07.0 

4818 

T 

M 

If 

am 

1.01 

8411 

ao 

4010 

3330.1 

V 

f 

If 

am 

an 

I0TI3 

14.1 

1111 

0117 

r 

If 

If 

am 

an 

8100 

1.8 

m.8 

•  34410 

1 

11 

i.f} 

1.10 

TlOO 

11.0 

388.0 

1777.0 

X 

f 

If 

1.N  ' 

ail 

40704 

77.0 

81.0 

389,0 

1 

It 

t.ff 

un 

flOf 

18.1 

1717 

1303.0 

t 

1 

If 

1.11 

4.U 

mot 

314 

1011 

931.0 

AA 

f 

II 

uu 

1.81 

7m 

18.0 

317.0 

1980.0 

Ml 

f 

u 

UH 

asf 

ITtff 

HO 

147.3 

TUI 

OC 

1 

If 

Ml 

a48 

HIST 

18.7 

139.1 

099.8 

BO 

U 

II 

am 

.  1.10 

17414 

ai 

1414 

737.3 

'BS 

tl 

II 

am 

aof 

18701 

ao 

100.8 

8017 

PP 

fr 

t 

am 

aof 

10104 

1.0. 

187.4 

7010 
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APPENDIX  m 

btoreonneotioa  JuootioB  Error  •  Individual  Flight  Simulation 


Aa  inr*vlously  explained,  the  flight  simulator  panels  oan  be  operated  in  either  of 

two  ways: 

a.  All  flights  hiteroonneoted.  There  are  eleotrioal  connectiona  between  the 
flight  simulator  panels,  representing  the  Interfllght  cables. 

b.  bdlvldual  flight  simulation.  There  are  no  oonneotions  between  flight 
simulator  panels.  Instead,  the  Interflight  cables  are  represented  on 
each  panel  by  half-tees:  resistive  tees  equivalent  to  one  half  the  length 
of  the  total  Interfllght  cable. 

The  readings  taken  with  the  two  methods  are  dlffierent;  the  all-flights  - 
faiteroonnected  method  is  the  more  accurate  simulation.  Table  m-l  shows  the  pressure 
at  Intsrocnneotlon  ]uncti(ms  (Junctions  at  each  end  of  an  interfllght  cable)  measured 
under  diese  two  methods  of  simulation.  "Error"  is  the  difference  between  readings 
taken  by  the  two  methods,  with  the  all-fligdits- Interconnected  method  considered 
eorrect.  Readings  were  taken  for  pressurlzatlcm  at  LCFb  <mly  and  pressurization  at 
LCFs  and  all  LFs;  all  at  0.5  CFDM  leakage  rate. 
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TABLE  m-l 


ComparUKm  of  Individual  FU^t  Slmulatton  with  hiitoroon- 
aootad  -  Flight  Slmulatloa 

(Thlo  tabU  ahowa  proaaura  at  Interoonnaotlon  Juootloiiaualng 
lataaeoniwotsd  •>  fl4(ht  almulatloa  and  Individual  flight  almu- 
latlon.  Praaaura  In  palg.  All  valuoa  at  0.S  CFDM  leakage 
me.) 
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TABLE  m-1  (Contiimed) 


